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PART III, 


CLASS 2. 


EARTHY MINERALS, 

OR 

EARTHS AND STONES. 

Vdl IL 


The orders of stones, like those of the ores 
of metals, are founded on the fundamental 
property of their constituent parts. Each order 
derives its name from the particular earth which 
constitutes its most predominant part, and to 
this the different earths and stones, in which the 
simple earth forms the predominant, or at least 
the most characteristic one, are referred, allow- 
ance being made for the present imperfections of 
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clieniical analysis, and due aUentiou being paid 
to analogies of other properties. 

The number of simple earths known at pre- 
sent amount to nijie* They are the followingi 


Silexj or Flinty Barytes 

Lime, or Calcareous Stronfk, 
Earth, Gluciue, 

Aluininc, or Clay, Zircon^ 

Magnesia, Yttria,' 


It is obvious, therefore, that the same orders- 
of stories must cxisL 

Tu the strictest sense of the word, there is cer- 
tainly no natural foundation for such divisions, 
because the discoveries of chemists have shewn 
til at several stones are composed of two, three, 
or even four simple earths, and in other instances 
the earths of which tlie stone is composed are 
present in nearly equal quantities; hence with 
some mineralogists it has not been so much the 
chemical composition as Uie external characters 
winch have been adopted in the distribution of 
these mineral substances, ^ 

Whenever the analysis of a stone, or earthy, com- 
pound has been effected, we liave reason to pre- 
sume lliat a similarity of composition will exist 
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m otlicr specimens which ngrec with it closely 
in external properties or characters. 

CHARACTERISTIC PROPERTIES OF EARTHS 
AND STONES, 

Stones, if consicleretl chemically, are either 
masses of simple earth or difFcrcnt earths, cljemi- 
cally combined, or earths united to an acid; they 
sometimes contain a small quaTitify of an alcali, 
blit more generally some metaUic oxids; the latter 
give to them the beaiillful colours wlucli many 
of them exhibit. 

The class of earth and stones are sufficiently 
distinguishetl from otlmr minerals by certain 
negative proj>ertics. 'f!u^y may be disoriini-' 
nated from ores by their specific gravity being 
always below 5, and by tlieir acid solutions not 
being precipitabic by prnssiafesj nor by water im- 
pregnated with sidplunrtted hydrogen (jttria ex- 
cepted) they are distingnished from inflammable 
fossils by tlieir incapabirify of burning in con- 
tact with air, or when heated with nitrates, or 
with hypcroxc muriate of put as and from the 
class of salts, by their want of saline taste, and 
insoUibility in w^atcr. 
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natural history of earths and stones. 

The slightest acquaintance with the stony 
substances that conic untler our inspection, is 
sufficient to convince us that they were once in 
a soft or liquid slate. A vast number of them 
hnvc a regular symmetrical arrangement, tlicy 
have Imui crystallized like salts, and nmst there- 
fore have lif^en separated from tlieir solvent, 
whatever that may Itavc been. The variety of 
ery'siak M stones discover all the figures and 
niodlfi-mtiqns of forms, observable in otliersub^ 
stances, when suffered to crystEiUize under favour- 
able circumslanccs. Ulorcover, many stones 
iuclosc organized substances, which they could 
not have ad milted, but when in a soft or fluid 
stale ; otliers arc evidently farmed round dif- 
ferent bodies, as these, having received their 
sliapc and form, the operations of art could never 
have introduced themselves into them. 

The mere inspection of Uie general mas.ses of 
mir earth, the totality of which have a tabular 
form, called mineral strata, also convinces ns that 
1 lie surfficc of ovir glolje has at one time been in a 
fluid state, to the greatest depth as well as the 
ulinost height whicli have been reached. 
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The paralleUsm of the mineral strata can he 
uccounted for on no other rational principle, 
it could iiave been produce 1 only by subsidence 
from a finid at rest, and as it ^extends over the 
entire surface of the earth, it establislics tlie gene- 
ral Huidity of the whole. The spheroidal figure 
of our globe itself is a demonstration tliat its 
surfaee to a depth much greater than we have 
penetrated must have been at one time fluid, or 
at least soft and yielding. 

The bare mention of these circuin stances is 
suiheient, as tliis point cannot possibly be dis- 
puted. Tlie only difliculty that offers itself is, 
to ascertain the nature of that fluid which was 
^pable of holtUng in solution, or perhaps in 
suspension, that immense mass of solid sub- 
stances of which the stony part of the globe 
consists. Concerning this subject different theo- 
ries have Ix'en advanced, Kirwan remarks, that 
with regard to stony matters placed deeper than 
one mile beneath the level of the sea, we luive no 
reason to atfirm that they were ever in a soft state, 
as we are absolutely unacquainted with them; 
with respect to tliose that are nearer to, or on 
the surface of the earth, we may for the present 
suppose that fluid to have been in most cases 
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mere w^ifor^ in some circumstance'^ assist al by 
otijer ugcnciosj ami in comparatively much fcwr 
casesj aided by volcanic fires. In vain, how* 
ever, have philosophers endeavoured to form 
perfect tlieories of this subject. If it were per- 
mitted to man to follow, during several ages, the 
various changes which arc produced on the sur- 
face of our globe, by the numerous agents tliat 
alter it, we might perhaps be in possession at 
this moment of the most valuable information 
respecting this subject; but thrown as we arc 
upon a small point of this vast tlteatrc of obser- 
vation, wc can only fix our altenlion for a 
minute to reason upon subjects which have 
emploveil the works of nature for ages, ami 
disappear ourselves at the moment M'herein we 
have proceeded so far as to colled a few facts. 

It must nevcrlhi'less be nek now led get! that 
those men who by the mere efforts of their irna- 
ginnlion, have endeavoured to form ideas res- 
jx^cting (be construction and the great pheno- 
menn of this subject, have immeroiis dnims to 
our inrluitrence. Amongst these we have to 
mcnfioii particutarly Kirwan, Hutton, and W*?r- 
ner* In their proceedings we lK!lio]d the efforts 
of genius tormented with the desire of acquiring 
knowledge, and irritated at the prospect of the 
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scant}" means whicli nature has put in its power, 
They have endeavoured! to embellish their hypo- 
theses with every ornament which imagination 
and eloquence can furnish ^ either as instruments 
of illusion or entertainment : we ought to consi- 
der ourselves highly indebted to them* 

For a circumstantial detail of these theories^ 
as well as the nature and position of the mineral 
strata j their geometrical measurement, and modes 
of exploring them, &c* the reader is referred 
to the author’s Systcin of Mineralogy and Mine- 
ralogical Chemistry, vol L part ii* sect. 1 to 5, 
and part III. sect. I, 2, and 3, 

ANALYSIS OF EABTHS AND STONES, 

The class of minerals called earths and stones^ 
being far more extended tlian those called ores, 
whicfi we have considercfl, no general method of 
analysis can be given that miglit prove useful to 
the student of mineratogicul chemistry. We 
shall therefore adhere to the mode already adopted 
and shall examine the different orders of earths 
and stones, one by 
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ORDER E 

Siliceous stones. 

Division of Siliceous Slones^ 

The stones in ivhich flint abounds are very 
abundantly diibised tliroiighotif the world, — 
They appear to have Ijoen intended by nature 
to constitute the nucleus or solid part of our 
globe, to serve as a foundation for the original 
mountains^ and to give them that Iiardness and 
durability which has enabled them to resist 
the various revolutioTis which the surfocc of 
our planet has successively undergone. The 
profoundest excavations tliat have hitherto been 
made by art into the crust of our eartli, liave 
all uncovered a rock called granit wltich is 
chiefly coniposecl of flint. 

The stones belonging to this order, are more 
numerous than the rest. 

The greatest number of the most Ijeautiful 
stones, which are cut and polished, and worn as 
luxuries or ornament, belong to this class, such 
u the Bohemian ruby, the occidental topaz, the 
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amethyst^ uml all the gems distinguished by la- 
pidaries and jewellers, by the term occidental, 
besides those beautiful stones known by the 
names of cariielhm, agate, opal, mocha stones> 
jaspar, calcedony, &c, . ^ 

Tlic order of sificeous stones may be considered 
under the following heads : naineiy, 

Genus i. 

Siliceons Slo?ies almost tvholl^ composed fllni^ 
or sUiccoiis earth in a state jiearl^ pure^ 

Genus ii. 

Siliceous Sto?ies composed chiejiy ofjiint^ with a 
poriiofi of aluniinet 

Genus hi. 

Siliceous Slones composed chiejiy of silex^ and a 
portion of alumim and lime. 

Genus iv. 

Siliceous Slones composed chiefly of silex united 
to magnesia and lime. 

Genus v. 

Siliceous Stones composed chiefly of silex^ com^ 
bmed tviik magnesia^ lime^ and alumine* 
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Genus vi. 

Siliceous Stories composed chiefly of silex^ com* 
lined with alumine and baiyies^ 

Genus vh* 

Siliceous Stones composed chiefly of silex^ united 
to alumine or lime^ or hoikjf and a portion cf 
mi alcalu 

The metallic oxids Tvliicli arc usually met 
Tvith in all stones^ omit to notice in the 
arrangement. 


CHARACTERS OP SILICEOUS STONES, 

Most, or at least, a great nuinber of the stones 
belonging to this onler arc trarisparcnt ; they have 
a vitreous appearance, and a high polish, at least 
when almost xvliolly composed of silex. They 
arc very hard, w lien pulverised they form a pow'- 
der harsh to the touch, which serafehes or wears 
away inetals, and scratches glass. They arc not 
acted upon by any acid, the fluoric excepted. 
They likewise fiisc with alcalics, and form willr 
them, in certain proportioIl&;^ glass. They aho 
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melt ^vitb glacial acid of phosphorus, and with 
boracic acid* Tliey do not adhere to tlie tongue, 
they do not discover any peculiar odour when 
breathed on, nor do they form a tenacious mass 
with water. Their specific gravity is seldom 
more than §,88. 

It is obvious that every one of these characters 
is not rigorously applicable to each of these bo- 
dies* But the totalUty of them possess a certain 
number, which renders these preliminary state- 
ments, perhaps useful to beginners* 

When a stone possesses some, or most of the 
characters wliich may be considered as peculiar 
to the siliceous ortlcr, wc may proceed to ascer- 
tain wh!i more certainty whetlier it really belongs 
to it, or not, in the following manner : 

ANALYSIS OF SILICEOUS STONES* 

-Genus Analysis of Siliceous Stones almost 
ivhoUy composed of Flint or Silex^ m a state 
nearly pure. 

Process 1 , — Let a iveiglicd quantity of the 
stone, liroken into small fragments, be heated to 
rctlness in a covered crucible, ]]lunge it suddenly 
irtto cold water, and repeat this operation for 
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seveml times siicceseively, or tit! tlie stone is 
become considerably friable. Another portion 
of the stone may be heated red-liot for some 
liours and weighed, to learn whether it sustained 
any loss during this operation^ wliicli lossj if 
any, is w'atcr, 

JI. — Having done this reduce one part of the 
stone, thus previously rendered pnlvcrisible, to 
an ini palpable powder, in an agate moitar, mix 
it with four i>arts of ]>olash, dissolved in a like 
quantify of water, put the mLxture into a silver 
crucible or bason, and evaporate it over the 
flame of a lamp, or in a sand-bath to dryness, 
keeping it constantly stirred w’ilh a silver rod, to 
prevent tlic mixture from swelling and throwing 
part of the mass out of the crucible or bason * 
When the wliole is evaporated to perfect dry- 
ness, place tlie silver crucible into a larger eart li- 
en- ware one, fiiirrounded by sand, and expose it 
to a dud red heat just sufficient to fuse the mass, 
and kecqj it in that state for at least two hours, 
taking care not to augment the fire which would 
endanger the melting of the silver crucible. In- 
stead of potash, as here directed, carbonate of 
potash may be used, but in that case at least six 
parts of the salt to one of the stone should be 
employed, the former however is preferable. 
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From tlie appearance of tlic fused alcaline 
mass in the crucible, some conjectures may be 
formed respecting the predominant earth con- 
tained in the stone; for if the mass flows thin 
like oil, we may be certain that silex forms the 
most predominant part- If it fuses pasty, opake, 
and is apt to swell and puff up, we are certain 
that silex does not form the chief constituent 
part, but that other earths are present in consi- 
derable quantity. If the mass when cold is of a 
reddish or brown colour, it contains probably a 
portion of ox id of iron, and if green, oxid of 
manganese may be suspected- 

in, — When the mass has been fused, as 
stated before, remove the crucible out of the fire, 
wipe it quite clean on Its outside, place it in a 
bason, and soften the contents of it, by dropping 
I into it distilled w-ater, and lastly effect a solution 
by adding to it about 10 or 3 2 times its weight 
of water, and boil the mixture for a few minutes 
in a Florence flask, or bason. If the stone w-as 
icoinposcd entirely of silex, a comp] eat solution 
■will be the result. If it contained other earths^ 
or oxids of metals, they will remain behind 
‘undissolvcd. These may be separated by fil* 
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tratioDj and the modes of examining them will 
be seen in the sequel. 

IV. ^ — To the obtained alcaline solution add 
gradually muriatic acid. The first portion of 
the acid which is added w'ill occasion a fioc- 
culent precipitate^ which will increase by adding 
more acidj and give the whole a gelatinous ap- 
pearance; bulj if no prcGi[>ltate should ensuCj 
the acid should be added in excess. 

V. — The obiained gel. ui nous in ass^ or appa- 
rent solution j should next be evaporated to dry- 
ness in a glass or wedgwood bason ; if the fiuid 
w'as transparent it will certainly assume a gelati- 
nous form as it becomes more coneciiiratcd by 
evaporation ; it should then be diligently stirred 
with a glass rodj till it lias a granular appearance 
like sand 5 taking care not to licat it too much. 

VI- — Transfer this mass into a Florence flask ^ 
cover it with muriatic acid^ and digest it in that 
fluid for some liinCj decant the fluid, wash ihe 
residue, and add the water emjiloycd for tlial 
purpose to the decanted acid. The solid pro- 
duct obtained is silcx. If it he pure it %vill be 
perfectly while, entirely insoluble in sulphuric, 
nitnc, and muriatic acid. If it he coloured, it 
is contaminated with some metallic oxid, and 
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shows that the evaporation to dryness hais been 
performed %vith too Tnach heatp 

From the metallic ox id it may be freed by 
digestion in muriatic acid;, or by igniting the 
whole with a little waXj and then digesting it in 
muriatic acidj which operation wall render the 
oxid soluble in the acidj from which it may Ix; 
separated by adding to it ammonia in excess. 
The silex thus purified is perfectly white, and 
insoluble in sulphuricj nitric, and muriatic acid: 
let it be freed from its water by exposing it 
to a. red heat, and then weigh it. The de- 
ficiency of the weight of the siiin totah gives 
the quantity of foreign bodies that are coniained 
in the muriatic solution, process VI* or whidi 
are not acted on by the alcali in process 1* The 
mode of separating them will be exhibited pre- 
sently, The quantity of oxid of iron which is 
usually present in all coloured stones, may be 
fieparated by prussiate of potash, or succinate and 
ammonia* 

I'o render what has been stated as obvious as 
possible, we shall advance several analyses of 
siliceous stones, as performed by Klaproth,^ 


* Analyiieal Essays, vol, p, 440. 
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Example I Analysts ihe NMe 0{>aL 

Process I. — A piece of noble opalj weighing 
70f grains, was exposed to heat^ in a covered 
crucible. It crackled at the very first applica- 
tion of the fire. When the noise had ceased^ 
it was kept in ignition for half an hour longer. 
After cooling, the stone was found broken into 
small slaty splinters^ of a in i!k- white colour and of 
an enamelled lustre. The yellowish ochry co- 
vering, which is perceivable even in the rough 
stone, and which often penetrates its minute 
fissures, was changed to a high yellow-red, exhi- 
biting the colours of the rainbow. Us loss in 
weight was 7i grains, or about 10 per cent, 
^hich is to be considered as w'ater. 

II. — Hundred grains of the same €tone were 
next finely pulverised in a flint mortar wuth 
water, and mixed with 300 grains of soda, the 
mixture was subjected to a moderate red-heat 
for tivo hours, in a silver crucible. 

IfL — The alcaline mass, obtained in process 
II. w^as gradually softened with water, super- 
saturated with muriatic acid, and then digested 
in that fluid. The fluid formed a gelatinous 
mass as it cooled. This mass being again 
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diluted with vvater, and again digested iti mu- 
riatic acidj yielded silex in the form of a white 
powder j which being thoroughly washed and 
ignitedj weighed go grains* 

IV*— The muriatic solLition^ together with 
the water employed for washing the silcx^ was 
reduced to a small bulk by evaporation^ and 
mingled with liquid ammonia in excess; by 
this means only a very small quantity of a 
brownish ffocculent precipitate separated^ con- 
sisting of ox id of iron, amounting to about 
of a grain, after being ignited* 

But, since the very pure white colour of the 
ignited opal evidently proved, that this slight 
portion of oxid of iron does not essentially 
belong to its constitution; and since, besides, 
not the least perceptible trace of any other earth 
appeared, Mr, Klaproth only reckons the real 
constituent parts of the noble opaf, the following : 

Silex 90 

Water. 10 

100 
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Example 2 , — Analysis of ike White OpaL 

Process L — Half an ounce of this stone, 
finely levigated, and intimately blended with 
one ounce of soda, was moderately ignited for 
two hours* The obtained mass was ground to 
powder, saturated with muriatic acid in excess ; 
then evaporated nearly to dryness, again diluted 
with water, and finally thrown upon the filter- 
The residue being washed, dried, and ignited, 

\ ielded 237 grains of si lex. 

IL — The fluid from which the silex had been 
separated was diminished by evaporation, and 
combined with liquid ammonia; it afforded a 
slight quantity of a brownish precipitate. As 
the remaining fluid contimied unaltered, on 
being mingled with carbonate of soda, it 
shewed, by this, that it held no other substance 
in solution, for otherwise a precipitate would 
have ensued. 

* 

III. — The precipitate obtained in process 1 1* 
being re-dissolved in muriatic acid, and decom- 
posed by dropping into it prussiate of potash, 
afforded same Prussian blue, of which the oxid of 
iron, that enter as a constituent part into ibis opal,, 
was estimated, at most, one quarter of a grain. 
This being separated, carbonate of soda, added 
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to the solution, still precipitated half a grain of 
al limine earth, which^ after ignitioiij could not 
be estimated at more than one-quarter of a grain. 

Thus it was found that the stone called white 
or common oxpal^ con si sis chiefly of silex j for 
half an ounce of it yielded; 


Silex 237 grains. 

Almnine ^ , 0,25 

Oxid of iron , _ . , . 0,25 


237j50 
Loss-..*, 2,50 


210 grs. or ” 02 , 


Example 3, — Analysis of the Yellow^ or Pitch 
OpuL 


Process I, — One hundred grains of this fossil, 
broken into coarse fragments, were exposed to 
red- heat for half an hour in a covered ernctblc* 
The stone flew in pieces, with a crackling noise. 
It was slightly transparent, after this ignition, 
but only on the edges ; its colour also was 
changed into a. pale brownish-yellow, and the loss 



S3S 


Analysis of Siliceous Siones. 

of weighty which it experienced^ amounted to 
five grains p After this operation it was found very 
friable, and allowed of being easily ground to a 
subtle yellow powder. 

Remark * — A stronger heat renders this opal 
greyish- white. The slight portion of iron which 
it contains, and from which it derived its colour, 
is reduced, in this process, to the regulioe state 5 
for by means of a good magnifying lens, ex- 
tremely fine grains of i-ron, that have transuded, 
may then be discovered. 

IL — The above-mentioned 95 grains of ig- 
nited and pulverised opal were mixed with 200 
grains of dry carbonate of soda, or such as had 
lost its water of crystallization on exposure to 
the air, and the mixture exposed to a moderate 
red heat during one hour. It was next softened 
with water; supersaturated with muriatic acid^ 
concentrated by evaporation to a hard jelly ; once 
more diluted with water; and, lastly, thrown 
upon the filter. The silex, which, by this ma- 
nagement was obtained, weighed gaf grains, 
after having been ignited, 

III, — The colourless muriatic fluid from which 
the silex had been obtained, was then mingled 
wdth liquid ammonia, added in excess. By 
this means a few brown flocks separated^ which 
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cdllccted and ignited, afforded one grain of oxid 
of iron* The remainder of the fluid contained 
no other ingredient. 

Hence one hundred grains of the yellow opal^ 
consist of ; 


Silex 

Oxid of Iron, , , 
Water, 


93,5 


1 

5 


99^5 


Example 4 .— of the Brown-Red Semi^ 
OpaU 

Process I,-— One hundred grains of this stone 
ifiiiely Wigated, were mixed with a solution of 
^potash, containing 300 grains of solid alcafl. The 
jinixturej bemg first evaporated to dryness in a 
1 silver vessel, w-as next ignited for half an hour, 
,X)n being soflered to cool it was softened with 
[water ; super- saturated with muriatic acid ; next 
inspissated to a gelatinous consistence, and again 
diluted with water, digested, and filtered. The 
ijuliceous earth thus obtain cd, after being ignited, 
Ifveighcd -isf grains. 
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II, — The muriatic solution was coinhined 
with liquid ammonia in excess, A quantity 
of brown oxid of iron fell down, which weighed 
47 grains^ when washed^ dried^ and ignited. 
The fluid left by this^ remained imchanged^when 
combined with carbonate of potash: hence it 
contained no other earths or metallic oxids- 

IIL — The oxid of iron was rc-dissolved^ in 
muriatic acid^ and precipitated by prossiate of 
potash. After the separation of this blue prus- 
sialc of iron^ the remaining solution was exa- 
minedj first with liquid ammonia, and next 
with carbonate of soda. It suffered no change 
in either case. 

Therefore this stone, which, from its large 
proportion of iron, might, perhaps, deserve to be 
classed under the genus of iron ores, with the 
denomlnaiion of opaline iron stone, is, in thje 


hundred, composed of 

Silex - 43,50 

Oxid of iron 47 

Water 7 >50 

P8““ 


Such is the mode of examining stones chiefly 
composed of silex, we shall now proceed to the 
examination of those in which aluminc enters as 
a constituent part. 
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G£n0S II. — Analysis of Siliceous Stones chiefly 
composed of Silex and Alumine* 

Process I* — Take one part of the finely levi- 
gated stonej fuse it with potash, as directed 
before, process II. page 324 ; soften the mass 
with water, as stated, process II L decompose 
the alcaline solution by muriatic acid, and as- 
certain the quantity of silex, according to the 
rules of process IV^. V. V"L 

II. — Having learnt the quaniity of silex, en- 
deavour to effect a solution of the mass which 
resisted the action of the alcali, in process IL 
and which consequently could not be dissolved 
in water, nor perhaps by the muriatic acid ; di- 
gesting it in that fluid, and then minirie. this 
solution with the muriatic fluid from which 
the silex has been obtained. Concentrate the 
whole by evaporation as much as possible, and 
add to it, while boiling hot, a solution of carbo- 
nate of poiash or soda, till no more precipitate 
ensues. Separate the precipitate by the filter, 
wash, and dry it. The precipitate obtained con 
sists oFalumnie, If no other earths were present 
in llic stone, 

IIL — To separate and to ascertain the quan- 
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tity of this earth, transfer the precipitate into a 
Florence flask 3 pour over it about 3 times its 
weight of a concentrated solution of potash or 
soda, evaporate the mixture nearly to dryness, 
add to it water, and separate the insoluble part, 
if any, by the filter* The alinninc will thus be 
dissolved in the potash or soda, whilst the other 
substances remain untouched in the form of a 

I 

powder. 

IV. — To ascertain the quantity of aliuniiie, 
decompose the alcaline solution by the admix- 
ture of muriatic or nitric acid, taking care to 
add the acid in excess, so that the precipitate 
which first appeared becomes re-dissolvcd. 

V. — Into the munaiic solution drop carbo- 
nate of ammonia in excess* The precipitate 
thus produced is carbonate of alumine. This 
precipitate after having been washed, dried, and 
exposed to a low red-heat in a crucible, gives 
the quantity of pure alumine, which was pre- 
sent in the stone, with tolerable accuracy- 

A! Limine inav likewise he separated by am- 
monia, but not compkaily. For that purpose, 
liquid ammonia is to be added to the fluid from 
which the si lex is separated- The precipitate 
obtained is alumine, provided no metallic ox id 
was present* The fonner process^ however, is 
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preteiabie. The demerits of the latter will be 
pointed out hereafter ; for, although ammonia is 
a very good test to detect the presence of 
alumincj it cannot be used to ascertain the 
quantity of this earth when present in an acid 
solution. 

Kxami^le I. — Analysis of ike Saxon Mydro^ 
phan^ or Ocetdus MundL^ 

Process I * — One hundred grains of the Sa.xoii 
hydrophaii were coarsely bruised, and ignited in 
a retort. At the end of this process there ap- 
j^eared, in the receiver, an enipyrcumatic water, 
covered with a thin pclllelc. The loss of weight 
was grains. 

n, — The stone, thus freed from water, was 
triturated to a subtle powder, mixed witli twice 
its weight of soda, and fused in a silver crucible 
in a moderate heat for two hours. When the 
mass had cooled, it was super-saturated, and 
digested with muriatic acid to separate the sllex. 
The muriatic solution being separated from the 
siliceous earth, together wiih the water em- 

* KLiprotli's Fssayi vol. I- p. 44J. 
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ployed fon washing it, was concentrated by 
cvaporati<jnj and saturated with atniixonia; by 
which means a precipitate was produced, coti- 
sisiing of aliinhne, unmixed with iron, weigh- 
ing I lgrains atkr igHitioJi. Nothing farther 
%vas fuutid in the remaining duid, 

, One hundred parts of tins hydrophane, from 
Saxony, llHrefore contain ; 


Silex - 

Aluminc J 

EinpYrcinnattc water . „ _ - , ^ 


V too 

j' ,■ i?' ■ ” 

ExA^^PI-H xr* — Anahjus of ihe Transparent 
Chinese Agalmatoliie, or Pagodite. 

a « 

pmeas I.*--Two hundred grainsi of this stone 
finely pulverised, lost 11 grains of weight on 
being moderately ignited for half an hour. 

One hundred grains of this stone, freed 

finin t^iter were mixed with equal parts of car- 
bonate of soda, and again subjected t<i a red 
heat for half an hoar in a- silver crueihle. The 
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mixture was diluted with watcr^ and ' super- sa^ 
turatcd with muriaiic acid, which dissolved the 
whole without leaving any residuj. But when 
the solution had been put in a sand -heat to 
evaporate, it fanned a thick geiatinous mass; 
after digesting it for sonic lime, it was filtered. 
The cplltcled siliceous earth, washed and ignited 
weighed 105| grains, 

IH* — The muriatic solution, freed from its 
silex, being saturated with potash, thickened to 
a milk-white mass ; which, by a slight excess 
of alcaii, again dissolved entirely to a limpid, 
colourless fluid, leaving only a few light, brown, 
loose flocks behind, weighing four grains. 

IV. — These four grains of brawn residue were 
digested with muriatic acid. Siliceous earth, 
weighing 9^- grains in the ignited state, was thus 
separated. This i)f:iog done, the solution was next 
combined with prussiate of potash, and the blue 
precipitate produced ctsllccted ; the portion of 
iron, which it contained, amounted to If 
grains. Nothing else w'as found in the re- 
maining fluid. 

V, . — The alcaii ne solution, process I[I^ being 
saturated in excess, with sulphuric acid,, and 
decomposed, at a boiling heat, with sub-c^r- 

Gg e 
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bonatc of stJKJaj yioldetl a precipiiaiCj consist- 
ing of aliiniine. 'This ahuiiinc being j>urined by 
acetic aciclj (see analysis of arffll lac eons stones) 
after being dried^ weighed 72 grains. Hence 
iOO parte of the stone contain 


Alumine, process 

V. 

30 

Silex ^ 

r H. 5 m\ 

l IV. J,i] 

‘ 54 

Oxiil of Iron 

IV. 

' 0,75 

Water 

T; 

5,50 i 



96,3.'i 


i n 

Gekus jii.—Aiialfsis of Siliceous Slones coni^ 
posed of Silex^ Alumine^ and IJmCt • 

r- 'MT' 

Process li-r-Fnse ibe levigated stone with 
potash. * . . - 

II. — Dissolve the aicaline mass in water, attd 

decompose it by muriatic acid to obtain the 
silex, as stated before, , ; 

III. — Digest the residue, which resisted the 
action of the alcali, in muriatic acid, 

JV.— Mingle the, obtained muriatic solution 
with the fluid from which the silcK has been 
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separated; concentrate it by evaporaiiotij and 
decompose it by the admixture of carbonate of 
potash. This precipitate consists of aluminc 
and lime, 

V, — To separate the alumme^ boil the preci- 
pitate in a solution of potash, see page 33G, 
and obtain the alumine, as stated j process IV* 
and V, &c. page 337- 

VI, — To ascertain the quantity of lime, dis- 
Boke the insoluble part, left in process V, in 
muriatic acid, mingle the fluid with sulphuric 
acid in excess, and evaporate the mixture to 
drjmess. The obtained compound is sulphate 
of lime; 

VI I , — To ascertain the quantity of lime, digest 
the product obtained in process VL in water, de- 
cant the fluid, dry the sulphate of lime, and 
kstly expose it to a dull red heat, weigh it, imd 
deduct from it 59 p«^r cent, the remainder gives 
ihe quantity of lime w hich was present in the 
stone. 

Example l, — Analysis of the Opake Chinese 
AgalmatoUtej or Pagodite. 

Procc5^' I, “Tw*o hundred grains of the stone 
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finely scraped off from the mass, suffered a loss 
of 20 grains by ignttion. 

IL — This ignited powder was a second time 
exposed to red heat for half an hour, in a silver 
crucible, with its own quantity of dry carbonate 
of soda, which caused it to agglutinate. The 
mixture, previously drenched with water, was 
combined with an excess of muriatic acid, and 
evaporated slowly til-i it assumed a gelatinous 
appearance. When this had again been diluted 
with water, it deposited si lex, amounting to 122 
grains, when collected on filtering paper, and 
subsequently washed and ignited, 

III. ~The muriatic solution was decomposed 
by carbonate of potash, and the thorough sepa- 
ration of the precipitate was promoted by boil- 
ing, The precipitate which subsided in a highly 
porous slate, was vvashed, and while yet moist, 
transferred into a waroied solution of potash, in 
which it dissolved instantly, and left only a 
slight brownish residue. 

IV. — Muriatic acid entirely dissolved this 
brownish residue, and by combining it with 
p mss i ate of potasli, Prussian blue fell down, the 
quantity of which denoted one grain of iron in 
the stone. 

V. — The fluid, after the separation of the 
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iron^ was decomposed in a boiling heat with 
carbonate of potash, which precipitated a white 
earth, which effervesced with sulphuric acid, 
and deposited gypsum 5 the quantity of which 
increased, in proportion as the volume of the 
iniifturc was reduced by evaporation- It weighed, 
after ignition, five grains, equal to two grains of 
pure calcareous aarih in the ignited state* The 
small quantity of the fluid yet remaining yielded 
crystals of sulphate of alumine* 

VL — The portion whiclxhad been taken tip by 
the alcaline iye, process III* was precipated by 
sidphuric acid, but it dissolved again by a slight 
excess of sulphuric acid. The alum last obtained 
in process IV* was then added to it, and the 
whole precipitated by carbonate of potash, as- 
sisted by a boiling heat* When afterwards 
washed, dried, ‘’purified by means of acetous 
acid,* and finally heated to redness, the preci- 
pitated alumine weighed 50 grains* 

VII. — The ohtaiaed alumine was then covered 
with sulphuric acid, and the mixture evaporated 
to perfect dryness- The turbidness of the fluid, 
on being again dissolved in water, was caused by 
a portion of siliceous earth, which separatid, and 

S sc A ^1 al vsi? of Argil Jactaus S tones. 
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consisted of two grains after ignition* This being 
subtracted, the quantity of ajumine, process V. 
ife reduced to 48 grains; which now, by combi- 
nation with acetite of potash, and crystalliza- 
tion, continued to the end to yield alum only. 

It follows, from this decomposition of the 
Chinese agalmatolite, that its constituent parts 
give in the hundred : 




Alumine 

Lime 

Oxid of iron 
Water 


VL 

VL 

IV. 

IV, 




6S 

94 

I 

0,50 

10 


97,50 


Example 2, ^Analysis of tke Stone called 
Cat's Eye* 

Process I.— Two hundred grains of the finely 
levigated stone were mixt with 400 of carbonate 
of soda, and exposed in a silver crucible to ig- 
nition for four hours. The mass was softened 
w'Uh water, saturated in excess with muriatic 
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ai^d;the siliceous ^arlh separated in t:^le usual 
umimer : , it weighed hB9 grains, » 

IL— The muriauc solution^ mixed>with the 
w^terj employed for washing the silex^ was con- 
centrated rhjr evaporation, aiid ^ saturated while 
yet hot with cavbon^Lte of -soda \ 4he pcedipitate, 
when dried, weighed 15 grains* - r^r -ri'- 
in. — The obtained precipitate entirely^ dis- 
solved, with effervescence, in muriatic acid. — 
Only a slight porUon of siiex remained, which 
after being ignited amounted to one grain* 

IV* — After the grain of silex had been sepa- 
rated, liquid ammonia was added to the solution* 
A yellowish- white precipitate was thrown doi-^^n 5 " 
which being separated by filtration, washed and 
boiled, while yet moist in caustic potash, left 
behind oxid of iron, weigliing one half grain. 

V*— The aicaline solution, process IV. was 
mixed with muriatic acid, and the precipitate 
being re-dissolved by a slight excess of acid, it 
was again precipitated by carbonate of soda. — 
When washed, and dissolved in sulphuric acid, 
it yielded crystals of aluon This sulphate of 
al limine was dissolved in water, and again pre- 
cipitated by carbonate of soda. The alumine, 
when washed and ignited, weighed three grains 
and a half. 
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VI*~Tlie fluid which rcitiainedj after the 
precipitation had been effected by ammonia, 
process IV, was combined in a warm tempera- 
ture with carbonate of potash^ by which means 
carbonate of lime subsided, which formed sele- 
nite (^Iphate ol lime) when covered with sul- 
phuric acidj see page ^11, The lime separated 
weighed three grains 

SincCj therefore^ ^00 grains of this stune af* 
forded 


Alumine, process 


Silex 

Lime 

Oxkl of iron 


{ 


V. 

1 . 

III. 

VI. 

IV. 



3| 

190 

3 

I 

y 


; lil 


J97 grs. 


It follows, that it contains in one hundred, 


Silex 05 

Alumine - 1,75 

Lime ................ i,50 

Oxid of Iron .......... . 0,^5 


98,3U 
Loss 1,50 


100 
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GENys lY * — Analysis <f Siliceous Stones con- 
iairimg silexj magnesia and lime. 

y * I 

Process L — Fuse one part of the finely levi- 
gated stone with 3 or 4 of potash, as directed, 
process !I. fysge 324. 

II. — ^Dissolve the alcaline mass in v^ater, and 
separate the si lex by muriatic acid, see process 
in, page 323 and 326, 

nr. — Digest the insoluble matter left in pro- 
cess li. in nuiriatic acid, mingle the obtain- 
ed solution with the fluid from which the silex 
has been separated, and evaporate the whple 
nearly to dryness, 

y. — Cover the mass with sulphuric acid, eva- 
porate the mixture, and lastly, heat it tilFno 
more fumes iise. This mass consists of sul- 
phate of lime and sulphate of magnesia* 

VL~To separate ^ihe sulphate of magnesia 
pour a small quantity of water on the dry mass, 
jand digest it for a few minntes, the sulphate 
iof magnesia will become dissolved, and the 
[sulpliate of lime will be left behind. 

V1L™4'0“ learn the quantity of magnesia, 
'decompose the solution of this salt, obtained in 
jlproccss y 1, by carbonate of potash, dry the pte- 
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cipitatcj and expose it to a red heat for about 
halfanhouTj or till it- dissolves in dilute mu- 
riatic acid without eifervescence, 

VIIL — To learn the quantity of limej dry the 
sulphate of limcj (process VI.) expose it to a 
dull red heat^ and weigh it. 59 per cent, being 
deducted from itj the remainder gives the quan- 
tity of-limc. 

Gekus V, — Analysis of SiliceotLs Sto?ies com- 
posed ofSileXj Ahmhie^ and Bar7jies. 

Process l.“Fuse one part of the stone with 
potash j dissolve the mass in water> and separate 
the silex, as directed before, by muriatic acid. 

IL — Dissolve tlie insoluble mass, left in pro- 
cess I, with muriatic acid ; mingle the solution 
with the fiuid from which the silex has been 
obtained, and decompose the mixiure by carbo- 
nate of potash : this precipitate consists of car- 
bonate of aliuninc and carbonate of bary'tes. 

in. — Re -dissolve the mixt precipitate in mu- 
riatic acid, and drop into it sulphate of potash, 
or sulphuric acid, till no farther cloudiness 
ensues. The obtained precipiuic is sulphate of 
barytcji 


Analysis of Siliceous Stones* 34^ 

IV* — Eoii the sulphate of barytes^ with four 
or five times its weight of carbonate of potash in 
a sufficient quantity of water, for at least two 
hours, supplying the water as it evaporates. By 
this means a double exchange of principles takes 
placc^ the sulphuric acid of the bai^'^tes joins to 
the potash^ and forms sulphate of potash, which 
is kept in solution ; and the carbonic acid.of.the 
carbonate of potash goes to tne barytes forming 
carbonate of barytes, wliicb remains at .the 
bottom. If this artificial carbonate of barytes 
be exposed to a violent heat, its carbonic acid 
will be disengaged, and the barytes be deft 
behind in a pure state. 

V. — 7^0 ascertain the quantity of akmiiie, 
evaporate the fluid from which the sulphate of 
barytes has been separated, prcKcss IIL to a 
small compass, decompose it by carbonate of 
potash: the precipitate obtained is carbonate of 
I al limine. 

\M.*Boil this precipitate in a solution of pot- 
ash or soda, and decompose the alealine solution 
by rnuriatic acid; the precipitate obtained is 
alumine. 

For ^omefiirtber particulars with regard to the 
separation of alumine from lime and magnesia, 

H h 


I 
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the reader is referred to the analysis of argilla- 
ceous stones^ and to page 336. 

Genus vii,^ Analysts of Siliceous Slones com- 
posed chiefly of Silex and Alumhie^ with a 
portion f an Alcali, 

For the following easy and expeditious method 
of analysing stones, containing an alcali in 
combination, we are indebted to Mr. Davy,* 
Process L — Let one hundred grains of the 
stone finely levigated be fused in a plafma or 
silver crucible for half an hour, in [a strong red 
heat, with 200 grains of boracic acid, 

IL— Digest the fused mass in J \ oz. of nitric 
acid, diluted with 7 or S times its quantity of 
water, till the Tvholc is decomposed j concentrate 
the fluid, by which means the silex will become 
tieparated, if any was present ; let it be washeil 
with watcr> to free it from the adhering boracic 
acid, and saline matter, 

III, — Evaporate the fluid from which the 
silex has been separated to about 16 cubic 
inches or less ; drop into it a solution of car- 
bonate of ammonia in excess^ and boil the mix- 


t*hi!ofioph* Trar.s, raft II* iBoj, 
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Dirt' fora few mtmilca ; and then sepamtc the inso-. 
luhle part. By this means al! the earths and 
metallic oxitls tluii were present in the stone arc 
separatal, 

IV. — Let t!ic fluid next be mingled with nb 
trio acid till it tastes strongly acid^ and again 
evaporate it till the wliole of tlic boracic acid is 
separated; nothing now remmns but the. nitric 
acid In combination with the alcall of the mb 
ncralj and with ammonia; 

V, — To free the mass from the nitrate of. am- 
monia, let it be evaporated to .a;id 

expose it to a heat of about 500, the nitrate of 
ammonia will be decomposed, and become va- 
latilized in the gazeous state, and the ni^afe of 
potash or .soda remain behind in the vessel* 

VL~d'o obi ’ i the alcab in a pure state, the 
nitric acid may Ue drrvcn off by exposure to ad nil 
red heat* To learn whether the alcali be potash 
or sodaj drop into its solution in water, in uriate 
of platina, which will occasion a buff or oraage- 
colourcd precipitate with potash, but not with 
soda. 

The remaining earth, viz* the alnmiae, maybe 
separated as stated before. 

Remark , — The presence of potash in a stone 

H 3i 2 
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containing alumine may also be defected by 
boiling the finely powderetl mineral repeatedly 
to dryness^ with concentrated sulpliuric acid, 
tiieii washing ilie dry mass with water, adtlijig to 
it a little excess of acid ; and, lastly, evaporate 
the solution to a small bulk* If crystals of 
alum should appear, it is a proof of potash, 
because this salt can never be obtained, in a 
crystullizcKl fornij without the add U ion of flvis 
alcali* 

But, since a stone may contain potash, and 
a little or no alum hie, in which case no crys- 
tals of alum can l)e formed, it is necessary, in 
the latter case, to add a portion of alumine to 
the sulphuric acid. Or the mineral may be so 
hard as to resist the action of sulphuric acid; it 
will then be necessary to fuse it (in the manner 
directed before,) with soda. The fused mass is 
to be dissolved in watery ami supersaturated with 
sulpliuric acid. It should next be evaporated to 
dryness, rc-dissohed in water ; and filtered, to 
separate the silex. The solution on being eva- 
porated affords crystals of sulphate of soda, and 
afterwards crystals of sul[)hate of potash, should 
the latter alcali be contained in the mineral. 

Klaproth first discovered potash in the Icucite, 
Ou sumrnbg up the results of i(s first anuly?iis| 
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Le found that tliere appeared to be a consider- 
able loss of weight, and by boiling the stone 
with diluted muriatic acid, and evaporation, 
he obtained crystals of muriate of potash. — 
Another proof of the presence of potash was, 
tliat, when sulphuric acid was boiled with it, 
the solution gave crystals of alum, to which 
potash is essentiaL He also boiled the stone 
witli muriatic acid, and, after dissolving the 
muriate of al urn inc by alcohol, muriate of pot- 
asli remained. Thclcucite contained less potash 
than other kinds. The same alcali has also been 
detected in TepidoUte, and in several other stones. 

Tlie potash contained in sulphate of alnmine, 
may be separated from the earth by adding a 
solution of barytes as long tLs any precipitate is 
produced. The alnmine and sulphate of ba- 
rytes will fall down together, and the pofar:h 
remain in solution. Its presence maybe known 
by the tests, already stated. 

Soda may be detected in a mineral by the fol- 
lowing experiments : Let the j_3owdercd stone be 
treated with sulphuric acid, as stated before^ 
wash off the solution, and add pure ammonia 
till the precipitation ceases ; then filter, evapo- 
porate the solution to dryness, and raise the 
heat so as to expel the suli>hutc of ammonias 

H li 3 
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The sulphate of soda will remain^ and may be 
known by its character*,. 

Wc shall conclude this subject by giring tlic 
analysis of several minerals containing an alcali^ 
as performed by Klaproth . 

Example 1 . — Analysis of CryolUe, 


Process T. — Sixty grains of cryolite finely 
levigated, were mixed in a platina bason witli 
ISO grains of sulphuric acirl, covered witli a 
pane of glass, which had a tliin coating of wax 
and charaders traced through it. Very soon 
fluoric acid rapours arose, by wdiich, after 
hours, the uncovered glass was found etched to a 
considerable depth. Tile mass was upon this 
diluted with water, and evaporated to dryness. 
When the remaining saline mass, had again 
been mixcil with water and flUered, a white 
earth was left on the paper. 

IL— The obtained solution, on being again 
evaporated, yielded, as before, a crystallized 
saline mass ; but as a portion of uncombined 
sulphuric acid still adhered to it, it was sepa- 
rated by the affusion of alcohol, which being 
decanted and combined with liquid arm non ia, 
let fall another slight quantity of earth. This, 
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together witli that before obtained^ was dissolved 
in snlpliQtic ackL 

III*— The coaeretc sjalt, that lias been washed 
with akobolj was re-dissoived in water^ and suf- 
fered to evaporate spontaneously* It yielded 
regular clear crystals, weighing grains, 
w'liich were found to be sulphate of soda. The 
remainder of tlie solution coagulated in the open 
air into an irregular, smaM-grained saline mass, 
which; being dissolved in water, was mixed with 
the above-mentioned solution of earth in sulphu- 
ric acid, process IL then precipitated with car- 
bonate of ammonia, and filtered* The precipi- 
tated earth, being wasliod, was entirely soluble 
in a solution of soda, poured on it whilst yet 
moist. After this solution liacl been again neu- 
tralized by sulphuric acid, it was decom|iosed 
by carbonate of potash. The obtained precipi- 
tate being rc-dissolved in sulphuric acid, and 
combined with a proper proportion of potash, 
yielded crystallized sulphate of aluminc. 

IV> — Tfie fluid from Avhich the aluminc had 
been obtained by carbonate of ammonia, was 
first neutralized witli acetic acid, and then pre- 
cipitated by acetate of barytes. The filtered 
solution was evaporated to dryness, and lastly, 
heated to redness in a platina crucible. The 
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melted saline mass being rendered blackish from 
the admixture of coal, was again dissolved in 
water, and freed by filtration from the coaly 
particles. It was then evaporated, and yielded 
26 grains of diy carbonate of soda. This salt, 
saturated with nitric acid, yiehlctl regular rhom* 
boidical crystals of nitrate of soda, w'cighing 40 
grains. 

Thus have I,'* says Klaproth, besides 
the two constituent parts of cryolite mentioned 
by Abildgaard, unexpectedly found soda as its 
third essential constituent part. My satisfaction 
occasioned by this discovery %vas heightened by 
the circumstance, that cryolite is the first in- 
stance that came to my knowledge of a stone, in 
which soda is contained in a constituent part/’ 
Mr. Vauquelin, who likewise has examined 
cryolite, suspects that, perhaps, during the de.. 
composition effected by sulpliuric acid, part of 
the aluminous ingredient is carried off along 
with the fluoric acid^ In fact it would hardly 
be possible to explain, in what manner 28 per 
cent* of alumine, the quantity found by Vau- 
quelin in that fossil, should be capable of fixing 
such a quantity of fluoric acid as is necessary to 
make the neutral compound, which is generated 
by this combihation, amount to 100 grains*— 
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nowever, tliis difficulty is removed by the pre- 
set ice of soda discovered in the rnincnil* 

For the purpose of defermiiiing the propor- 
tions of the constituent parts of cryolite^ Mr- 
Khiprolh repeated its analysis in tiie manlier^ 
we shall now dcscFibe. 

Process 1,— To tree 100 grains of cryolite, 
entirely from its fluoric acid^ they were digestetl 
and evaporated to dryness in a pktina cru- 
cible with 300 grains pf concentrated snlplm- 
ric acid. The mixture boiled at first, emit- 
ting fluoric acid vapours and numeroxis air- 
bubbles. The residue, previously drenched 
Avilh water, gelatinized on evaporation to a soft, 
granular saline mass, which readily became 
soluble in a little water. 

II, Liquid ammonia precipitated from the clear 
solution the aUimine earth which weighed 46 
grains when edulcorated and dried, but 24 w'hen 
ignited. The solution of this earth, in dilute sul- 
phuric acid, ■with the assistance of heal, and 
combined Avith a proper proportion of pot-ash, 
yielded regular crystals of alum. 

III. The fluid, from which the ahmiinehad 
been precipitated by ammonia, Avas first neutra- 
lized Av it h acetic acid, then combinnl with acetate 
of b[iryfes, and filtered to separate (he sulphate 
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of bjirj’tcs. 'i^bc clear . fluLff’^vas imyt yfhoWy 
evaporated ; the dry je^ulue^ after Uejog ignital 
in a plalijia crucible^ was rc-^t^b^soivedj and being 
rendered free, by filtration, froin the few ad- 
IrcrLng coaly particles, was a second time evapo- 
rated lo perfect dryness. It thus aiibrded 
grams of dry carbonate of soda, equal to 36 
grains of soda. Th is prodnet being satu mtal w ith 
acetic acid, yielded crystallized acetate of soda. 

If we now from (be qiianii ty of the fossil em- 
j>Ioyed, subtract the weight of aluminc and soda 
obtained, the remainder will give tlie weight of 
the fluoric acid, including, perhnps, the water of 
crystallization. One hundred parts of cryolite, 
therefore, consist, according to this analysis, of 

Soda. 36 

Aluniine. M 

Fluoric acid, including water.' . - 40 

,100 

Examples , — Analysis of Sonorous Porphyry^ 

This stone is, also called KUngslone, or Echo* 
dolite, or Phonalite, was accomplished by Klap- 
roth thus: 

Process I. — One hundred grains of the finely 
powdered stone ,werje mixed with a solution, or 
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iycj containing S50 grains of pot-asiij when in- 
spissated and ignited in a silver crucible, Jt 
acquired at first a blackish colour, whidt after- 
wards disappeared , Tlie ignited mass was green- 
ish, it was sofiened with water; muriatic acid 
ivas added in excess, it dissolved the whole, and 
afforded a dear solution. This solafion assunicd 
a green is! 1 appearance on evaporation to drjnes ; 
the dry mass was re-dissolved in water shiirpenc(I 
w'ith a little muriatic acid, and the siliceous earth 
separated in the usual manner* It weighed 57^ 
grains. 

IL — Tbenmmtic fluid was mingled with li- 
quid caustic ammoTua, the obtained precipitate 
was of a light brown colour, the excess of am- 
monia in the remaining fluid, first neutralized 
with muriatic acid, yielded a slight precipitate 
by oxalate ofainmonia, which, collcch^tl and ex- 
posed to a strong red heatj left 2 J grains of car- 
bonate of lens. 

II L — The light brown pr-ecipitatc, process II, 
was transfcrral into a boiling sol u I ion of pot -ash. 
It soon was taken up, leaving a residue of black- 
ish brown flocks, which were collected on a fil- 
ter. The solution, wiwn supersaturated with 
muriatic acid and precipitatetl with carbonate of 
ammonia, yielded carbonate of alumine earth, 
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wliicli, dried and ignited, weighed ^3^ grains ; 
andwijcn combmed with sulphuric acid ami pot- 
ash, yielded pnrcacedidous sulphate of aluminc, 
■ — The residue, left un-dissolved by the so- 
lution of pot-ash, yielded with raurialic acid a 
yellow tincture. Tins solution was i>crfcclly 
neutralized, and then decomjjosed with succinate 
of soda. The Miccinate of iron obtained, after 
being ignited, amounted to grains, 

V> — The residue of (his yellow fluid, process 
IV, was examined with carbonate of ammonia* 
This alcali threw down anollier small portion of 
a yellowish while earth, which became black 
after ignition : it weighed ^ grain. On being dis- 
solved in a few drops of muriatic acid, and com- 
bined with sulphuric acid, it yielded sulphate 
of lime. That small portion, which remained of 
it, being combined with ammonia, then evapo- 
rated and ignited, left an oxid of mangtinese be- 
hind, which imparted a clear amethyst colour 
w-hen fused w ilh phosphoric acid- The men- 
tioned I of a grain may bccstiiuated at ^ grain 
of lime, and ^ g^^ain of oxid of manganese. 

Finding, that the sum of the products, obtain- 
ed in this decomposition, was by far too short of 
ithe weight of the mineral employed, and thus 
shewed that atiDthet. constituent part was to bi* 
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sought for, the following experiment w^as again 
undertaken . 

VL“Upon 300 grains of the sfone^ 6nely tri- 
turated ^ were poured ^ in a retort^ 600 grains of 
sulpharic acich diluted wdtli an equal quantity 
of wafer; the whole w'as digested for a while: 
and lastly, the flu id distilled over to moderate 
dryness. The fluid in the reeeiver was poured 
back upon the residue a second time, digested, 
and again abstracted by distillation • The 
mass left in the vessel was softened by boiling 
wafer, the fluid filtered; the obtaiiicKl rcskltjc 
washed, dried, and ignited. It wciglied S38 
grains. As the merely siltcious part would liave 
given no more than 171 1 grains ; it was evident, 
tliat the sulphuric acid had been incapable of 
effecting a thorough decomposition of (he stone; 
as also could well be infcrrcHl even from tlie little 
change the residue had undergone. 

Vir, — On concentrating by evaporation, the 
^ sulphuric solution, tlierc appeared 104 : grains of 
I sulphate of lime in thin needles; which, being 
: removed, the evaporation of the saline fluid was 
r continued with a gentle heat to the point of crys- 
tallization ; but the crystals formed on cooling, 
i’W^cre unlike the crystals of alum , 

I i 
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yriL^ — These crystals being re- dissolved in 
wafer, tire solution was mixt with the fluid that 
remained after the crystalUzalion, and the whole 
precipitated with ammonia* \V hen the brown 
precipitate had Ix'cn filtered off, the clear flu'd 
w as evaporated to dryness. The obtained mass 
was exposed to a heat of so high a degree that 
the snlpiiate of ammonia was volatilized. A 
salt of grams weight rcniaiiiud bcliind, which 
w as sulphate of soda. 

However, since by this treatniciit with sul- 
phuric acid the fossil was found but partially 
decomposed, and therefore, the proportion of 
the soda could not exactly be ddcrniina), the 
following experiments were made : 

JX*™One hundred grains of the levigated 
stone were mixed by trilurntioa, with 400 
grains of crystallized nitrate of barytes, and in 
a capacious vessel exposed to a heat gradually 
rai'^cd to ignition* 

X. — The fused mass being suflered to cool, 
was pale blue, spongy, and easily pnlveiriza- 
bltu When softened with wafer and treated 
with nniriatic licid it dissolved ct^irHy, yielding 
a clear, yellow solution. This solution was 
evupoTuted, and at the same time gradually 
combined with as much sulphuric acid as w^is 
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necessary not only to precipitafe the barytes ia 
the state of salplmtc of bavyfesj but also that (he 
same acid, after tlie total expulsion of the muria- 
tic acid} continued notably predominaut in the 
fluid, 

— I laving reduced the saline mass to a 
moderate dryness, it was again dlfi'itsed Ihrougli 
water: the insoluble part consisted of sulphate 
of barytes and tlie siliceous ingredient of the 
stone. The fluid ivas mingled with ammonia, 
the precipitate obtained \ras filtered off, the neii- 
traliml liquor evaporated to dryness, and tlirn 
kept in a moderately intense lieat, until all the 
sulphate of ammonia was driven off. The rt- 
maiuing portion when dissolved in wafer, and 
crystallized, proved to be pure sulphate of soda. 
This was again dissolved, and decomposed wilfi 
acetate of barytes j llie precipitated sulphate of 
barytes was separated, the filtered clear fluid 
po rated, and the dry acetate of soda heated io 
redness in a platiua crucible. The coaly residue 
gave by solution in water and filtration, a clear, 
colourless fluid, which upon evaporation to dry- 
ness left J4 grains of carbonate of soda, of which 
the portion of soda makes 8 tV grains. This, 

1 i 2 
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when iicutraliml with nitric acid^ yielded crystals 
of nitrate of soda. 

Yet it may be fairly supposed says onr 
author, “ that, in the natural composition of 
the stone, the soda exists in a somewhat greater 
proportion than is indicated by tlie quantity ob- 
tained, I "or, Ires ides that in gejieral some loss is 
uiuivoiduble in l!ie diircrcut operations, I think 
tiiat already at tlie ignition of the barytes a cer- 
tain portion of tlic soda is volutifiml : ivhich to 
suppose i am induced to believe from the va- 
pours which visibly escape in a filamentous form 
on removing the lul of the vesseh 

After tliese operations 'we now return to the 
results of the arudysLs* These then give the 
constituent jiarts and their proportions in the 
iinndred, as follows ; 


Stlcx 

Aluminc 


process L 

iir. 


57 , 25 
93 . 50 


Lime 

{V: 

2. 

0. 

25 \ 
50/ 

2. 

75 

Oxid of Iron 

IV. 



3. 

25 

Oxid of Manganese, 

IV. 



0. 

25 

Soda 

XII. 



8. 

]0 


Loss 


5. 

5 


98. 19 
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he reflecting natural philojoplier will hriow, 
without our suggesting it, how to appreciate the 
value of this discovery of tlie presence of socla^ as a 
constituent part, in a stone which occurs in masses 
ef the size of whole iiiountaiiis* It opens to him 
a newvicwj and leads him a long step farllier in 
his geological inquiries* Wc now see that there 
is no longer any occasion for the theory liitlierto 
prevailing, according to which it was imagined 
necessary to consider all the soda^ which in 
nature occurs either in a free, that is uncom-^ 
blned, or in a carbonatal state, arising from a 
decomposition of common salt, or of sea salt, or 
of that from saline springs, supposed to iiavc 
been canied on by nattire, and to have taken 
place in an unknown manner*-* 

The sonorous porphyry, employed in the 
I preceding experiments, Avas obtaiiR'd from the 
I Donnersberg, near Milleschau, tlic highest of 
the middle mountains in Bohemia* The Avhole 
mass of this majestic mouniain, Avlndi is above 
two tliousand five Imndred feet high, extending 
to majiy square miles, absolutely consbts only of 
this, very stonCp 

If Avc reflect, that in Uiis enormous mass of 
rock, the soda constitutes nearly the twelfth part 
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of the wliole moimfain, it vf Wl not be thought an 
exaggeration to saj^ that this mountain alone is 
capable of supplying for a long succession of 
years to come, alt Europe with a sufficient quan- 
tity of socta ; presupposing however, that expe- 
riments should be devised to separate this alcalt 
from tlie stone by a cheap and profitable method, 
ami which there is reason to hope tiie brilliant 
experiments of the decomposition of alcalies, 
lately disco veml by Davy, will soon be accora- 
plishech 

Example 3* — Anidysh ^ ike Piickstone^ 

Process — One hundred grains of pitch- 
^fone from Meissen, in coarse fragments, were 
heatcfl to redness for thirty minutes, in a coveretl 
crucible, Tliey returned from the fire of a 
xv'hite-grc}", marbled with yellowy oiiake, an<I 
of a incager and rough feel, though they had 
naturally an appearance of glazing. They lost 

grains in weight, 

IL — One hundred grains of ttiis finely pulve* 
rized pitch stone were mingled with a solution of 
200 grains of soda, and the mixture evaporated 
in a silver crucible, and kept for half an hour 

* KUprotti*£ Analytical Eis^iys, v&U II, p. 205. 
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ia a moderately strong red heat. The mass was 
whitcj inclining to bluish. After being softened 
with water and saturated in exc(^ with muriatic 
acidj 73 grains of silex were obtained ia the 
usual manner, 

HI, — ^TIic muriatic solution from wluch the 
silex liad been obtained, was mixed in excess 
with soda, and digested in a heat of ebullition. 
In this process most of the precipitate formed 
at the beginning, i^ain became dissolved 5 yet 
leaving a brown insoluble residue. This being 
separated, tlie alcaltne fluid was neutralized with 
muriatic acid, and precipitated with carbonate 
of soda. The alumine of which the precipitate 
consisted, was weighed, dried, and ignited. It 
amounted to M-i- grains. The whole of it com- 
bined with sulplmric acid and potash, yielded 
crystals of alum, 

IV^,^That small jKirtion of the precipitate, 
%vhich was left undissolval by the alcali, process 
IIL was first dissolved in muriatic acid, and 
then combined with sulphuric acid. Sulphate 
of lime was generated^ wliich was collected [and 
I washed witli weak alcohol. The filtered fluid 
I being again reduced to a smaller compass by 
I evaporation, and then combined with sulphu- 
. ric acid, yielded another small portion of sul^ 
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phate of lime. The quantity of this together 
with the firsts weighed three grainsj which 
indicate one grain of lime. 

V, — The fluids being now freed from lime 
the portion of iron which it yet contained 
was precipitated by carbonate of ammonia. It 
weighed one grain. The remainder of the fluid 
was evaporated to dryness; and on re-dissolving 
the saline mass in water, ox id of manganese 
separated in fine, minute flocksj the slight quan- 
tity of which could not be estimated higher than 
grain; 

IV* — Having so far proceeded, one hundred 
grains of pulverized pitch stone were mixed 
with 300 grains of nitrate of barytes in crystals, 
and ignited in a porcelain vessel till the nitrate 
had been entirely decomposed. The mass being 
softened in water, was first neutralized with 
muriatic acid, and then combined with sulphuric 
acid in such a proportion, that the latter, on eva- 
porating the mixture, and after the muriatic acid 
had been expelled by beat, remained still pre- 
m inant. The evaporated mass was washed with 
hot water, the residuum separated by filtration, 
and the clear fluid saturated with carbonate of 
ammonia added in excess. After the precipi- 
tate produced by this means, had been separated 
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the fluid was reduced to a dry salt by evapo* 
ratiorij and its portion of sulphate of ammonia 
volatflizcd ill a porcelain vessel exposed to a 
moderate heat. A salt thus remained, consisting 
sulphate of soda. This being re- dissolved and 
decomposed by acetate of barytes^ the filtered 
solution was evaporated to a red heat in a platina 
crucible- The saline residue being re-dissolved^ 
filtered^ and again evaporated to dryness^ gave 
three grains of carbonate of soda^ amounting to 
li grains of soda ; which neutralized wdth nitric 
acid^ yielded the usual rhomboidal crystals of 
nitrate of soda. 

Therefore^ one hundred grains of this pitch 


stone from Meissen consist 

of; 



Silex process II, 

73, 


Alumine 

III. 

14. 

50 

Lime 

IV. 

K 


Oxid of Iron 

V. 

K 


Oxid of Manganese 

V. 

0 . 

10 

Soda 

in. 

)- 

75 

Water 

I. 

S. 

50 


I 
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Example 4 * — Analysis of Pumice Stone. 

Process I, — ^One hundred grains of finely pul- 
verized pumice stoncj were mixed with 300 
grains of crystallized nitrate of barytes^ and the 
mixture exposed to an intense red heat, till the 
nitrate of barytes was compleally decomposed* 

IL — The ignited mass was powdered^ drenched 
with water, dissolved in muriatic acid, supersa- 
turated with a sufficient quantity of sulphuric 
acid, and evaporared to dryness* 

HI. — The mass was elixiviated with water, 
passed through the filter, the clear sulphuric 
solution decomposed with carbonate of ammo- 
liia, and the precipitate collected on the filter* 

IV. — The fluid from which the precipitate 
was obtained was a second lime evaporated, and 
the remaining dry salt ignited till the sulphale 
of ammonia had been entirely driven off. There 
remained a fixed neutral salt. 

V. — This product was dissolved in w'aterj 
the solution decomposed by acetate of hajyles, 
the fluid after separating the produced sulphate 
of barytes, was evaporated to dryness, and the 
residue exposed to a strong red heat. On a 
subsequent solution in water, filtration and eva- 
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pnration to dryness^ there remained five grains of 
a carbonate of soda, which being saturated with 
nitric acid yielded nitrate of soda* For those 5 
grains of carbonate of soda, 3 grains of pure 
soda must be put in the account. 

But as the figure of the crystals of nitrate 
of soda seemed to pass into prisms they 
were dissolved in a little water, and mingled 
with a saturated solution of tartareous acid, A 
notable quauiiiy of acidulous lartrite of potash 
deposited in small grains, which shewed that 
the obtained soda was contaminated with pot« 
ash. 

To determine the proportion of potash to that 
of soda ill pumice stone, was not well practi- 
cable in this experiment, on account of the 
small quantity. 

However, by tlie result from this experiment 
the sum of the constituent parts of pumice stone 
was rendered more complete, namely ; 


Silex 77, 30 

Aluminc. J7* SO 

Oxid of iron, and a little magnesia 1, 7S 

Soda and Potash,^*,,,**,. 3, 


99. 7S 


I 


Analysis Silkeoiis Stones* 


J7S 


Example B*—Analpis of Basalt. 

In the cheiuical decomposition of basal 
undertaken by Klaproth^ the principal design 
was to ascertain whether this stoncj was geog- 
nostically allied with the sonorous porphyry, 
and whether like this it contains soda as 'a con- 
stituent part. 

Process I. —For this purpose, one hundred 
grains of levigated basalt were mixed with 400 
grains of nitrate of barytes, and treated in the 
same manner as has been stated before : grs, 

of dry carbonate of soda were obtained, which 
are equal to S,6o grains of soda. The other 
constituent parts Klaproth proved in the follow- 
ing manner ; 

— One hundred grains of pulverised basalt 
were ignited, for two hours, with 400 grains of 
carbonate of soda, at a degree of heat at which 
the mixture would not fuse. It agglutinated 
into a moderately hard yellow mass, which 
being powdered, and softened in water, was 
neutralized with muriatic acid, next supersatu- 
rated with nitric acid, and evaporated to dry- 
ness, The dry" mass, which had a yellow colour, 
was diffused through water a little acidulated 
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with murkUc acid, and after a short digestion 
filtered, The silex obtained weighed^ after ig- 
nition, 44| grains* 

11 L — The mnrialic solution was precipitated 
at a temperature of Fahr. by carbonate of 
soda* The obtained precipitate was digested 
with a solution of soda, and the residue separa- 
rated by filtration* The alcaline fluid, when 
combined with muriatic acid, added in a small 
excess, was precipitated with carbonate of am- 
monia* By this means alumiiie fell down, 
amounting to Ifif grains, when washed and 
ignited: and yielding alum when treated with 
sulphuric acid and potash* 

IV* — The brown residue of process II* was 
dissolved in muriatic acid, carefully watching 
the precise point of saturation, and to the so- 
lution was added succinate of ammonia to pre- 
cipitate the iron. The ohtained succinate of 
iron, when washed and ignited, gave 90 grains 
of ox id of iron attraciahie by the magnet. 

V, — The fluid, thus freed from iron^ was 
itreated, in a boiling heat, with carbonate of 
'soda. The white (jrecipitate produced was dis- 
•solved in nitric acid, and the solution combined 
Kvith sulphuric acid, which threw down a con- 
Isiderabte quantity of sulphate of lime. This 

K k 
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being separated, the remainder of the fluid was 
evaporated almost to dryness, again diluted with 
a mixture of water and spirit of wine, and the 
sulphate of lime then separated was added to 
the preceding. The sulphate of lime was next 
composed by boiling it with carbonate of soda ^ 
and the carbonate of lime thus obtained, washed 
and dried, weighed 1 7 grains, which indicate 
grains of lime* 

VL — The fluid remaining from the last ope- 
ration was mixt with soda, which occasioned a 
slimy precipitate: this was dissolved in sulphuric 
acid, and evaporated. At the first impression of 
heat, brown loose flocks fell down which left the 
solution colourless. These flocks, separated by 
filtration, proved to be oxid of manganese 5 yet 
their slight quantity permitted only an estima- 
tion by guess at about f grain. 

VIL^—The stnall quantity that yet remained 
of the fluid was evaporated to dryness, and the 
residue exposed in a crucible to a strong red- 
heat. This, being re- dissolved in water, left 
another slight portion of alumine, tinged by 
Iron, and contaminated with manganese, weigh- 
ing I grain; but the clear solution entirely 
crystallized Into sulphate of magnesia. The 
earthy base of this salt, precipitated in the car- 
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bonated state by carbonate of soda^ weighed 6 
grains; for which must be accounted grains 
of magnesia. 

From this analysis of the basalt result the fol- 
lowing constituent parts ; 


Silex 

process IL 

44, 

50 

Alumine 


16. 

76 

Oxld of Iron 

V. 

20. 


Lime 

V. 

9. 

50 

Magnesia 

VII. 

2, 

25 

Oxid of Manganese VI. 

0. 

12 

Soda 

I. 

2. 

60 

Water 

I. 

2* 



97. 73 

With these results pretty well agree those of 
the analysis which Bergmann has published ia 
his valuable dissertation^ De producth mica- 


nkis^ namely; 

Silex 60 

Alumine ........... . 15 

Lime ........ ..... 8 

Iron 25 

Magnesia 2 


100 
\ K k S! 
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Though Berg m an n menlions the lime in the 
carbonated state, yet he has omitted to prove 
that it is contained as such in the composition 
of basalt. But what concerns the soda, it is no 
matter of wonder that it has escaped his atten- 
tion, since at that time It could not be suspected 
that this alcali should one day appear in the 
state of an essential constituent part of solid 
stones* 




Siliceous Stones. 


377 


TABULAR ARRANGEMENT 

OP 

SILICEOUS STONES, 

ATCOBDING TO THEIR CHEMICAL COMPOSITION AND 
EXTERNAL CHARACTERS.* ** 


Siliceous Stones composed of Silex nearly in a 
state of purity. 

Crystallized quartz, or rock crystal 

Purple quartz, or amethyst 

Blue quartz, occidental saphir, or water saphir 

Smoky quartz, or cairn gorum crystal 

Black quartz 

Blood-red quartz, or compostella hyacinth 
Phrase, or green quartz 

♦ For the external characters of these, and the rest of the 
mineral substances mentioned in this Essay, the reader is referred 
to the author’s System of Mineralogy, 
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Chrysophrase 

Rose, qr milk quarts 

Indiscent quartz 

Spangled quartz, or avanturine 

Coinpactj Of common quartz 

Fibrous quartz 

Hialin quartz 

Siliceous Siones containing a considerable portion 
of Alttmine* 


Chalcedony 

Cocholong, or milk white chalcedony 

Iridescent cocholong 

Onlx 

Sardonix, or red striped onix 
Agate 

Landscape agate 
Ribbon agate 

Moss agate, or mocha stone; 

Tube agate 
Star agate 
Clouded agate 
Coral agate 
Jasper agate 
Punctuated agate 
Agatized wood 
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Jasper 

Egyptian jasper, or Egyptian pebblo 
Opal jasper 

Striped, or banded jasper 
Opal 

Noble opal 
Hydrophan opal 
Semi opal 
Wood opal 
Jasper opal 

Hyalite, or Muller’s glass 

Menelite 

Cat’s eye 

Heliotrop, or blood-stone 

Carnelian 

Flint 

Jasper flint 
Pitchstone 
Pimelite 
Plasma 

Hornstone petrosilex, or ckert 
Rhomboidal hornstone 
Red hornstone 
Hornstone porphyry 
Woodstone, or agatized hornstone 
Jasperized hornstone 
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Siliceous Stones containing Alumine and lime* 


Zeolite 

Mczotype^ or radiated zeolite 
Fibrous zeolite 
Mealy zeolite 

Lamellar zeolite^ or stllbite 
Analcime cubicite^ cubic zeolite 
Lomonitij or efflorescent zeolite 
AedilitCj or siliceous zeolite 
Crocolite 

Paraothenej micarelj scapolite^ rapid olite 
ThalitCj epidote^ arandalitei delphenite^ acanti- 
ronCj acanticonitcj pistacite^ or strahlite 
Sc or z a 
Garnet 
Noble garnet 

Bohemian garrfet,‘or pyrope, carbuncle 

Common garnet 

Topazolite * ^ 

Alochroite 

Dauorite 

Zoisite 

Yanite 

Diopside 

Bcrgmanite 
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Chusite 

Fuscite 

Gabronite 

Limbelite 

Petalite 

Pseudo nepheline 
Tabular spar 
Succinite 


Siliceous Stones eontaining a portim 
magnesia^ alumine^ and UniB, 

Melanile^ or black garnet 

Dial age, smaragditc, or emeralditc 

Schiller spar 

Pistacite 

Anihophilite 

Malacolite, or sahlite 

Py roxene, augitij volcanite, or black volcanic sborl 

Amphibolcj or hornblende 

Common hornblende 

Basaltic hornblende 

Labrador hornblende 

iShorlaceous hornblende 

^Memnite 
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Siliceous Stones containing a portion of alcalij 
with aluniine^ silex^ and lime> 

Lepidolite 

Leucile^ or amphigene 
Natrolite 
Pumice stone 
AndalusitCy or mecaphillte 
Retenilej or deadolite^ 

Pitchstone 

Echodolite, or sonorous porphyry 
Adularia 

* f * 

Common feldspar ‘ ' 

Ichtyopthalmite r' 

Obsidian ^ ' 

Vitreous obsidian 
Black obsidian 

Gretn obsidian ^ ' 

Peaflspar • * 

Marekanite 

Crysolite, cryolitej fluate of alumine and soda 
Porcelain jasper * 

Basalt 

Basaltic hornblende 
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ORDER IL 

CALCAEEOUS STONES. 

Division of Calcareous Slones. 

To this class of earths and stones belong all 
those minerals in which lime forms the most 
predominantj or most characteristic part. They 
may be divided in the following manner: 

Genus Native Carlonates of Limei or 
Stones chiefly composed of Calcareous Earth 
ujiited to Carhonic Add. 

Genus ii, — Sulphates of Lime; or Stones chief y 
Gowposed of Lime and Sulphuric Acid. 

[Genus iii. — Fluates of Lime; or Lime com- 
bined tuiih Fluoric Add. 

;[ Genus r^.^Fhosp hates of Lime; or Stones 
^ chiefly composed of Lime united to Phosphoric 
Acid. 




ANALYSIS OP CALCAREOUS STOKES. 

As it is impossible to point out a ready me- 

j 
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Genus v. — Borates of Lime. 
Genus vu^Arsmiates of Lime. 


CHARACTERS OF CALCAREOUS STONES. 

The totality of the characters peculiar to the 
class of calcareous stones, are chiefly the foil ow- 
ing : They do not scratch glass. They do not 
fuse with alcalies into a homogenous transpa- 
rent mass. They do not fuse with glacial acid 
of phosphorous, or with boracic acid. They do 
not adhere to the tongue, nor do they form a 
kneadable mass when reduced to powder, and 
mixt w'ith water. They can all be scratched 
with a penknife or steel point. Most of them 
are more or less acted on by , or are soluble in, 
nitric or muriatic acid, or are at least so after 
having been boiled with a solution of sub-carbo- 
nate of potash. Their neutral solution in acids 
are all decomposable by oxalates, and fluates of 
soda, potash, and ammonia, and the precipitate 
is insoluble in nitric or muriatic acids* 
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thod which coaid be applicable to the examina- 
tion of all stones of this genus, w'C shall consicleu 
them under two sections, namely : 

Ist .^ — Calcareous stoues which are readily 
soluble in nUric or murialk acid, diluie with 3 
or 4 par is of water, a7td with more or less effer- 
vescence. 

2dly « — Calcareous stones which are not soluble 
in 7/i^rfc or muriafic acid ; or at least far more 
difficulty and ivhkh do not efh-vesce. 

To the first species belong all the stones pro- 
perly called carbonates of lime, or lime-stones* 
They may be distinguished and anaiysed In the 
following manner ; 


ANALYSIS OF CALCAREOLFS STONES WHICH ARE 
READILY SOLUBLE IN NITRIC OK MURIATIC 
ACID, AND WITH MORE OR LRES EFFERVES- 
CENCE. 


Genus i. — Analysis of Carbonates of Lime ^ 

I 

I The stones belonging to this division are 
Wholly soluble in nitric or muriatic acid, with 
jifiTcrvesccnce, or nearly so. They yield carbonic 
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acid gas when exposed to heat, and l}econic 
converted into quick-limep 

They may be examined in the following 
manner : 

Process I,— Take a weighed quantity of the 
stone reduced to an impalpable powder, digest 
it repeatedly, with a gentle heat 5 in muriatic 
acid, till this fluid exercises no farther action on 
it, which may be known by letting fall into the 
acid, that has been decanted, and rendered neu- 
tral by an alcali, a solution of carbonate of pot- 
ash in excess ; if no precipitate ensues, the di- 
gestion may be discon tinuedp The insoluble 
residue, if any, should be washed, dryed, and 
weighed, 

IL — To the obtained muriatic solution add 
M times its bulk of water, and drop into an 
aliquot portion of it, a crystal of sulphate of 
soda or potash- If the stone contained barytes 
or strontia, or both these earths, a precipitate 
will ensue, if not, the solution remains transpa- 
rent, The modes of ascertaining the quantities 
and proceedings of separating these earths, are un- 
necessarv to be detailed here. They will be stated 
under the articles analysis of stoues of the 
barytic and stontian genus, 

III,— Add to the filtered solution, ^fter being 
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111 acid boiling hot^ and from which the barytes 
or strontia has been separated j by means of stil- 
f>hate of soda^ a solution of sub- carbonate of 
soda, till no farther cloudiness ensues, tolleet 
the preeipiiatej wash and dry it, at least so 
much that it may be conveniently transferred 
from the filter. 

IV. — The precipitate obtained in process ILL 
may contain, besides lime, also a portion of 
magnesia and alumine. To separate the latter, 
boil the precipitate with a concentrated solution 
of potash or soda, in a silver bason, for at least 
one hour, supplying the water as it evaporates* 
The alum i lie will by this means become dis- 
solved in the alcali, and the magnesia and lime 
will remain behind untouched. 

V. — To ascertain the presence and quantity of 
alumine in the stone, mingle the alcaline solu- 
tion with muriatic acid, till no farther precipitate 
ensues; decant the supernatant fluid, wash the 
precipitate, dry it, and lastly, ignite it for about 
half an hour, 1 he product obtained, gives the 
quantity of alumine. 

VI. — To ascertain the quantity of lime and 
magnesia, re-dissolve the precipitate, freed from 
its alumine, (process IV.) in muriatic acid; 

L 1 2 
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evaporate the soliuioit to dryness ; weigh the 
dry mass, and poor over in a glass basony 
more than twice its own weiglit of eoiicenlratcd 
sulphuric acid; stir the mixture well togelhery 
heat it grad ii ally, and increase the heat till the 
excess of sulphuric ackl is expelled, or till no 
more pungent dense vapours are disengaged- 

VM. — Digest the dry mass, previously levl- 
garod with a little alcohol, as fine as possible, in 
about twice its weight of cold water, w^hich w ill 
dissolve the STilphate of magnesia, and leave the 
fulpbale of litm* The latter may be 
by the filter, after having been rej>eated!y washed 
ill mmll portioDfi of water, 

VIIL— To aacerlaiti the quantity of magnesia, 
if any was prcicnt, heat the fluid obtajned in 
process VI L to ebullition, and then drop into it 
a solution of carbonate of potash. The preci- 
pitate produced is carbonate of magnesia. Let 
it be ignited for about half an hour: what 
remains is magnesia- 

1[X* — To learn the quantity of lime, let t1m 
insoluble precipitate (the sulphate of lime, ob-. 
tained in process Vll.) be dried in a low red heat, 
weigh It, and then deduct from it ^9 per cent, 
the remaiiider (viz. 41) gives the quantity of 
lime. 
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To ascertain the quantity of carbonic acid 
contained in the stone^ introduce a weighed 
quantity of it into a bottle furnished with a 
spiral tube^ and proceed according to the rules 
pointed out in the description of iheplateSi^ — See 
apparatus for easily ascertaining the quantity of 
carbonic acid contained in mineral substances* 

The stones belonging to this class alniost all 
contain more or less alumine and magnesia. 
The mode of analysis eiven is that usually em- 
ployedj and answers well for ordinary enquiries* 
The most perfect separation of these earths from 
each other is nevertheless attended witii consi- 
derable difficulty^ as has been stated already in 
ihe preceding pages^ and will be again considered 
under the analysis of argillaceous stones* 

The presence of magnesia in lime stones hav- 
ing been lately found to prove extremely Injiw 
rious to vegetation j w' hen employed as a manure^ 
we shall briefly notice that magnesian lime stone 
may readily be discriminated from that which 
is purely calcareous^ and therefore fit for agricul- 
ture, by the extreme slowness of its solution in 
i acids, which is so considerable that even the 
softest kind of the former is much longer dis- 
: solvinst than marble. 

I 


I 1 3 
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To ascertain, by chemical means, whether a 
lime stone be fit for agrictiltural, or architec- 
tural purposes, the following is the easiest, 
though not the most accurate, process* 

Process 1. — Put into a florence flask 100 
grains of lime stone reduced to powder; and 
pour on it by degrees ^ oz. of sulphuric acid, 
on each affusion of the acid a violent efferves- 
cence will ensue; when this ceases, stir the add 
and lime together wiih a small glass rod, and 
heat the mixture over a lamp till it becomes 
dry* 

IL — Reduce the mixture to powder, as far as 
possible, and pour over it 2 or 3 oz* of water; 
iieat the mixture for about a quarter of an hour, 
and when cold transfer the whole on a filter, the 
weight of which has previously been ascer- 
tained* Wash the insoluble residue on the 
filter, by pouring over it small portions of water 
at a time, and add the water thus expended to 
the filtered fluid* 

III* — To the before obtained solution add 
gradually ^ oz* of suh^carbonate of potash, 
previously dissolved in about 2 or 3 oz, of 
water, which, if magnesia be present, will pro- 
duce a very copious white precipitate ; if not, 
a slight milki ness will ensue. 
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IV. — Heat the liquor (if magnesia be present) 
by seuing it in a tea cup near the fire ; let the 
precipitate subside | pour off the clear fluid, 
which may be thrown away, and wash the 
white precipitate with warm water^ then pour 
it on a filter, the weight of which is known, 
dry and weigh the whole 1 The result shows 
how much carbonate of magnesia was contained 
in the original stone | or deducting 60 per cent, 
how much pure magnesia 100 parts of the lime 
contain. If burnt lime has been used, deduct 
from the weight of the precipitate 60 per cent, 
and the remainder gives the weight of magnesia 
in each 100 grains of burnt lime. We are 
indebted to Mr. Tennant for having first dls^ 
covered the deleterious habitudes of the magne* 
sian lime stone, when applied as manure in 
agriculture, and their unfitness for mortars and 
cements. — A correct drawing and description of 
this stone is given in Sowerby^s British Minera- 
logy, No. XLIIL J8O7. 

ANALYSIS OF MARLS,. 

The name of marl is given to a mixture, 
chiefly composed of carbonate of lime and clay, 
in w'hich the carbonate considerably exceeds the 
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other ingredients. In agriculture the following 
varieties are chiefly distinguished ; viz. 

Common Marl> which includes not only the 
earthy marlj which is commonly of a yellowish 
grey colour, composed of more or less cohesive 
dusty particles, soiling a little the Anger, and 
rather rough to the touch : and, 

Stone Marl, or indurated marl, is usually 
of a smoky grey, or bluish colour; or some* 
times of an ochre yellow, or brownish red* It 
has a slaty texture ; it readily disentegrates by 
exposure to the air or weather, and frequently 
contains shells. Shell marl is called either the 
earthy or the indurated, abounding with shells. 

All marls are useful in agriculiiire, only iii 
proportion to the quantity of calcareous earth 
they contain : unless they contain more than 
30 per cent, of lime they are of no value to the 
farmer. 

From what has been stated already, the ana* 
lysis of marls becomes obvious. Of all the 
modes of trials the one best suited to the 
unlearned farmer is to observe how much car- 
bonic acid the marl gives out, and this he may 
ascertain by dissolving a little of it in dilute 
muriatic acid, and observing what portion of its 
weight it loses by the escape of the carbonic 
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acid. Tliusj if an ounce of marl loses 40 
grains, he may conclude that the ounce con^ 
lained only 100 grains of calcareous earth, and 
that it would he his interest to pay five times as 
much for a load of iitne as he must pay fi^r a 
load of marl at the same distance. 

Process L — To find the composition of marlj 
pour a few ounces of dilute muriatic acid into a 
flask j place it into a scale and let it be bal- 
lanced# 

IL— Then reduce a few ounces of dry marl to 
powder, and let it he carefully and gfadualty put 
into the until after repeated additions no 
further effervescence ensues# 

III, — Let the remainder of the powdered 
marl be weighed, by which means the quantity 
projected will be known, 

IV, — Let the ballance be then restored. The 
difference of weight between the quantity pro- 
jected, and that requisite to restore the equili- 
brium will show the weight of the carbonic acid 
gas lost during effervescence. 

If the loss amount to 13 per cent, of the 
quantity of marl projected, or from 13 to 33 
grains per cent, the marl analysed is calcareous 
jnarl, that is to say, marl rich in calcareous earth. 

Marls in which clay aboiuids, (clayey or argil- 








3g4 ^7ialyjU cj' Calcareous Siones. 

laccoLis marls-J seldom lose more than 8 or 10 
per cent of their weight by this treatment. The 
presence of argillaceous earths in marls may 
likewise be judged by drying it, after being 
washed well, when being kneaded together, dried 
and burnt, it will harden and form a brick. 

Sandy marls usually lose the same quantity of 
carbonic acid, and frequently still less. 

ANALYSIS OF CALCABEO0S STONES WHICH ARE 
NOT SOLUBLE IN DILUTE NITRIC OR MURIA* 
TIC ACID, OR AT LEAST VERY DIFFICULT, 
AND WHICH DO NOT EFFERVESCE WITH 
THESE AGENTS. 

Genus ii*~^nal2/sis of Stilphaie of Lime, 

Process I. — Let one part of the mineral, finely 
powdered, be boiled wdth 4 or ^ times iis weight 
of corbonate of potash, in a sufficient quantity 
of water, for at least 2 or 3 hours, renew ing the 
fluid as it evaporates, and collect the insoluble 
residue. ‘ 

IL — Transfer the insoluble part into a flask, \ 
containing diluted nitric acid ; eflect a solution, 
if possible* examine the solution for barytes 
and sLrontia^ (see analysis of barytic stones) and 
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'Separate the earth which it may contain^ ac- 
cording to the rules laid down already. 

Genus iii.^Analysis ofFliiates of Lime, 

The stones belonging to this genus are 
conjposed of lime united to fluoric acid ; they 
are both amorphous and crystallised ; they de- 
crepitate, and become phosphorescent when 
exposed to heatj except the colourless ones, 
which become electric by fricnoii- They are 
generally crystallised in cubes. They are more 
or less transparent, and exhibit various colours, 
particularly violet, purple, red, yellow, and 
white. They melt before the blow-pipe into 
a transparent glass. They lake a fine polish, 
and are worked into vases, vessels, and a va- 
riety of ornaments. The stones belonging to 
this genus are all decomposable by sulphuric 
acid, the fluoric acid becomes expelled, and 
may be known by the property of dissolving 
glass j for that purpose let a quantity of the 
powder be moistened with sulphuric acid in a 
leaden or pewter vessel 5 heat the mixture over 
a lamp, and expose to the acid vapours, a plate 
of glass, which will soon become corroded. 
Their phosphorescent property may be evinced, 
by throwing the stone, reduced to a coarse pow- 
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defj upon a shovel , or plate of metal, heated so 
as not to be visible in the day. They may be 
examined in the following manner : 

P/'omt T.— Take one part of the stone finely 
pulverised, put it iuto a leaden retort, pour over it 
four parts of sulphuric acid, join to the retort a 
leaden receiver, containing two parts of water, 
lute the junctures of the vessel, and distil till no 
more vapours come over- The water in the 
receiver will be converted into fluoric acid. 

IL — Wash the mass contained in the retort 
in a small portion of water, hoi! the insoluble 
residue with carbonate of potash, as directed, 
page 394 \ re-disssolve it in nitric or muriatic 
acid, and examine it as stated, page 395 , 

III- — Decompose the fluid from which the 
insoluble part of process L was separated by 
carbonate of potasli, and assay it for lime, mag- 
nesia, and alumine, as stated before 386, 6£c. 

Genus iv. — Analyus of Phosphates of Lime* 

Process T. — Digest a determined quantity of 
the mineral in 5*times its quantity of muriatic 
rcid, and repeat this operation till the fluid acts 
.10 more upon the residue, decant the liquid, 
dilute it with water, and filler it. 
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IL — Mingle the muriatic solution with liquid 
ammoniuj collect the precipitatCj wash; dry, and 
heat it. 

IIL — Re-dissolve this precipitate in a suffi- 
cient quantity of nitric acid, and precipitate by 
the addition of sulphuric acid. The whole 
must then be filtered, and the insoluble part 
washed with as little water as possible, 

IV, — The filtered fluid must now be evapo- 
rated to the consistence of a syrup. If the 
stone consists of phosphate of lime, the fluid 
thus obtained ^vill be phosidioric acid. That 
it Is phosphoric acid may be proved by its 
copious precipitanon of lime water, by its giv- 
ing white predpitates with the solutions of 
; sulphate of iron and nitrate of mercury, and 
its inCapabilify of precipitating nitrate aiid riiu- 
I riate of barytes- 


I 

Gekus y .^Afudysh of Borate of Linw. 

I To this genus belongs only a single species, 
inamely, the mineral called Dalholite. ‘H/* ' 
Process I, —Digest one part of the mineral 
ifcpealedly in nitrir add by heat, ill! a iiqw ad- 
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dition of acid does not produce any further 
action on the residue. 

II. — Decompose the nitric solution by car- 
bonate of soda, and separate ,the precipitate by 
filtration. 

^ II L — Mingle the solution with sulphuric 
aqjd, till the taste of the latter predominates ; 
evaporate the fluid to dryness. 

IV. — Transfer the dry mass into alcohol, 
digest it by heat, and then evaporate the alco- 
holic solution. If now a salt is left behind, 
which reddens tincture of litmus, and which 
tinges the flame of burning alcohol green, the 
substance examined was borate of lime, or bo- 
racite. If the alcoholic solution is evaporated 
the boracic acid will be obtained in a pure;State, 
The^ remainder of the dry mass may be analysed 
by the rules stated before. 

The analysis of arseniate of lime has been 
stated already. 


T 
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TABULAR AREASOEMENT 

OF 

CALCAREOUS STONES, 

ACCOai>rNO TO THEltl CHEMtCAt COMPOSITJEON ? 
EXTERNAL C HA H ACTERi* 


GENtjs u*^Carh6nates ofhi'fne* 

Compact, or common lime stone 
Foliated lime stone 
Calcareous spar 
Magnesian lime stone 
Fibrous lime stone, or sattin spar 
Granular lime stone, including all the varieties 
of marble 

Siliceous lime stone 

Testaceous carbonate of lime, or schaalstone 
Compact fetid, or bituminous lime stone, swine 
stone 

Mm2 
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Ochreaceous foetid lime stone 
Pisolite^ or pea stone 

Oolitej or roe stone, ketlon stone, meconiie, or 
ainmite 

Bo troy dal carbonate of lime, or calcareous sia* 
laclite 

Corailiform IJme stone, or flos ferri 
Margaritiform lime stone, or pearl spar 
Madreporite 
Dolomite 

Argentine, or slate spar, schifer spar 
Magnesian argentine, silvery chalk, or schaum 
earth 

Brown spar, sidero calcite, ferriferous carbonate 
of lime, ferrugenous pearl spar 
Arragonite 
Chalk 

Rock, or mountain milk 
Calctuff 

Calcareous marts 

Genus ii * — Sulphates of Lmie. 

Fibrous sulphate of lime, or fibrous gypsum 
Granular foliated gypsum, or alabaster 
Earthy gypsuni, or g)^ps earth 
Granular anhydrous gypsum, or bardiglio marbl 
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Compact anhydrous gypsunij muriacitej^ cube or 
rhomb spar 

Gekus I!I , — Flmtes of Lime. 

Earthy fluate of lime, blue John of the Derby- 
shire miners, or Derbyshire spar 
Compact Iluate of lime 
Argillaceous fluate of lime, or chlorophane 

Genus iv* — Phosphates of Lime* 

Native phosphate of lime, phosphollte, or apatite 
Earthy phosphate or moroxite of lime 
Conchoidal phosphate of lime, asparagus stone, 
or chrysolite of Rome de Lisle 
Foliated phosphate of lime 
Siliceous phosphate of lime 

Genus — Borate of Lime. 

Native borate of lime, or datholite 

Genus yi. — Arsmiiale of Lima. 

Native arseniate of lime, or pbatmacolite, 

M m 3 
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ORDER HL 

ABGILLACBOUS STONES- 
Divhion of ylrgillaceous Sio7ies, 

Under this head mineralogists comprehend 
not only those earths and stones in which alu- 
mine fornis the most predominant part^ but 
also thoge to w^hich this earth gives a peculiar 
character. Hence al! the clays are arranged 
among the argillaceous minerals, because the 
characters of alumine are particularly conspi- 
cuous in them, although in the greatest number 
of them this earth never forms the most predo* 
minant part. It is remarkable that alumine has 
the peculiar property of imparting characteristic 
properties to a very large proportion of other 
earths, when in combination with them- Is 
found nearly pure in the hardest gems only. 

The oriental ruby, the oriental topaz, the 
oriental emerald, the oriental saphir, &c, all 
belong to this class; minerals in which the 
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existence of alumine was for ages unsuspected, 
and where it exhibits properties widely different 
from those which it exhibits in clay ; or in the 
minerals commonly called argillaceous. 

The earths and stones in which alumine 
enters as a leading constituent part, may be 
divided in the following manner : 

Genus i. — Argillaceous Stones composed of 
Alumine united to a small portion of silex and 
lime. 

Genus ii. — Argillaceous Stones composed of 
alumine^ united to a portion of silex^ lime^ 
and magnesia. 


Genus hi. — Argillaceous Stones composed of 
alumine and a portion of silex and barytes. 


CHARACTERS OF ARGILLACEOUS STONES. 

Although from what has been premised, page 
10-2, it becomes obvious that no general charac- 
ters can be given, that might serve for discrimi- 
nating argillaceous stones, without error, from 
other mineral compounds : the greatest number 
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of those earthy combinations of wJiich alumine 
constitotes a leading ingredient^ may, however, 
be said to possess tlie following habitudes^ 
namely : they are entirely destitute of transpa- 
rency , devoid of vitreous lustre, and have an 
acid dry appearance, or exhibit, when broken, 
an earthy fracture. The greatest number of 
them are acted on, or are more or less dissolved, 
by acids, particularly when assisted by heat, 
Tliey may be scratched with a knife, and emit a 
peculiar odour wdicn breathed on, a few ex- 
(^epteJ, know^n by the name of a clayey or 
earthy smclL 

The greatest number feci rather soft to the 
touch, and suffer impressions by the finger nails. 
They become very hard, and less in bulk, after 
having been exposed to licat. They readily 
absor!) water, and retain it obstinately. They 
also form with water, when reduced to a fine 
powder, a kneadable tenaceous and ductile mass. 
They fuse with lime, but not with alcalics; at 
least they require a very large portion of alcali 
to render the combination perfect. 

If a mineral be found, whose properties coin- 
cides, or nearly so, witli the description here 
given, we may ascertain whether it propertly 
l>elongs to the argillaceous stones, thus : 
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ANALYSIS OF ARGILLACEOUS STONES. 

If the mineral is not very hard, or exists in 
such a state of aggregation, as perinits it to be 
reiulily converted into a fine powder, the follow- 
ing mode of analysis may be pursued : 

Process I. — Expose a weighed quantity of 
the stone, broken into small piec<'s, to a red, or 
better to a white heat in an earthen ware retort, 
and collect the moisture, if any, in the usual 
manner, by means of a receiver adapted to the 
retort. 

II. — Take another portion of the stone, finely 
pulverised, boil it to dryness with 4 parts of 
its weight of concentrated sulphuric acid diluted 
with I of water, and a small portion of potash, 
or acetite of potash. 

III. — Transfer the mass into water, boil it 
for a few minutes, separate the insoluble residue, 
dry it, and then boil it again with sulphuric 
acid and potasli, and proceed as Ixdbre for seve- 
ral times successively, until no further action 
takes place. The silex and lirnc will thus be 
left behind. These earths may be examined with 
regard to their purity, in the manner stated 
I already. — See analysis of Siliceous and Calca- 
reous Stones. 

I 

i 

I 
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]V.— To asceriuin the quantity of alumiiiey 
wliicli by this means will be converted irdo 
sulpliate of aliTmhie and potash, eonecfitnite the 
solution by evaporation, and decompose it at a 
boiling heat, by a solution of sub-carbo[iatc of 
potash- This precipitate, after having been 
exposed to heat, to free it from carbonic acid^ 
gives ilic quantity of aluinine that was present 
in the stone, thongli not in a stale of perfect 
purity- For be it understood that from wlmt- 
ever acid solution alnmirie is separtated by virtue 
of an alcali, it always retains a minute portion of 
the substance employed to precipitate 

V.— To ascertain the true quantity of this 
earth, which is present in the mineral, the preci- 
pitate must be re-dissolvcd in acetous acid, again 
precipitated by liquid ammonia iierfcclly free 
from carbonic acid, dried, and ignited* 

During the evaporation of the solution of al li- 
mine, from which thesilex has been separated, as 
slated before, process IV* portions of the lattei- 
earth l>ecoinc separated even to the last; these 
should be collected, and added to that obtained 
already, as w'ill lx* shown presently* — ^Soe analy- 
sis of ^adamantine spar, or cormidum, &c. 

* Sec the Author's System of Chemistry, cdiiion, tol. L 
p. %xi. 
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VL — Thcoxki of iron wliich is usually present 
may be sepFi rated from thcsilex by heating it in a 
cruciblovith a little wax, which renders the iron 
soluble in dilute muriatic or sulphuric acid, 
wlien applied^ and the si lex is left behind pure. 
The oxid of iron may then be precipitated from 
the acid solution by liquid ammonia*— Sec ana- 
lysis of iron ores. 

Example 1 . — Analysis of Native Alumine, 

Process L — One hundred grains of native 
aluminc,* from Schemnitz, were exposed to a 
strong red heat for one hour in a covered cm- 
edible* After cooling, they had lost 41 grains, 
which was water. No alteration was elFectcd in 
the appearance of the earth, during this process, 
except that the pieces of the mineral were be- 
come a little rifty, and considerably diminished 
in size* 

II, — Another himdred grains of the same 
earth were gradually conveyed into sulphuric 
acid a little diluted- They dissolved in this 
fluid without effervescence* The sulphuric so- 
lution was perfectly colourless j but on being 


* Kbproth^* Analytical Easays, vol. 1. p. ill. 
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evaporaled it formed a clear iranfsparcTU coagu- 
lated mass, tlje surface of mIhcIi, after a few 
dajs, becaine covered with a immbcr of solitary 
pyramidal crysTals* 

II L — Tlic mass was next drenched and di- 
gested %vith an abundance of wafer: tlie siticcous 
earili thus separated, weigbed 14 grains after 
being ignilcd, 

IV, — The solution, freed from silex was com- 
bined with the reciuisite portion of pof-asli, and 
evaporated : it afleirded pure alum ; from wliicli 
the ahimiric was afterwards precipitated by sub- 
carbonate of pot-asb, and purified in the manner 
jnsl mentioned; namely, by acetous acid- 

Ilence t!ie constituent parts of the so-called 
native alumine^ arc, according to Klaprot!i> 


Aliimine. 45 

Silex„ 14 

Water 41 


100 

Kxaniplc 2 , — Analysh of IVavellite^ or 7/y- 
dragellite. 

The analysis of tliis mineral, which consists 
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L\lnio?it AvlioUy of aluTiiine aiul water, was cftcctecl 
by j\Ir. Uavy in tbe follow ing manner/^ 

Process I. — Eigbly grains of the mineral 
were iiitroduct'cl into a small glass tube having 
a bulb of sufliciciit capacity. To the end of 
this tube a small gkiss globe , attached to another 
tube, communicating witli a pneumatic mercu- 
rial apparatus^ was joined by fusion, by means of 
the blow-pipe. The bulb of the tube was ex- 
posed to the heat of an Argand lamp; and the 
globe preserved cool by being placed in a 
vessel of cold water. In coti sequence of this 
arrangement, the fluid disengaged by the beat 
became condensed, ami no cTistic matter could 
be lost. The process w-as conhuued for half an 
liour, when the glass tube was quite red. A 
very minute portion only of jwrmancntly elastic 
fluid passed into the pneumatic apparatus, and 
when examined, it proved to be common air* 
The quantity of clear fluid collected, when 
poured into another vessel, weighed 19 grains, 

I but when the interior of the apparatus had been 
: carefully wiped and dried the whole toss indi- 

I 

* Philijsopli. Trans. iSoj, snd Nicholson's ^osirnal, aSgSi 
vol. XU. p. J53. 
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cated was 21 grains* The J9 grains of fluid 
had a faint smelly similar to llmt of burning 
^eat; it was transparent, and tasted like dis- 
tilled water: it sliglitly reddened litmus paper: 
it producetl no cloudings in solutions of muriate 
of barytes, of acetite of lead, of nitrate of silver, 
or of sulphate of iron. 

II. — The 59 grains of solid matter ivere dis- 
solved in dilute sulphuric acid, which left no 
residuum \ and the solution was mixed with 
potash, in sufficient quantity to cause the alu- 
mine at first precipitated again to dissolve* 
What remained undissolved by potash, after 
being collected and properly washed, was heated 
strongly and weighed ; its quantity was a grain 
and a quarter. It was white, caustic to the taste, 
and had all the prop<"rties of lime. 

III. — The solution was mixed with nitric 
acid till it became sour. Carlionate of ammo- 
nia was then poured into it till the effect of 

' decomposition ceased. Tlie whole thrown into 
a filtrating apparatus left solid matter, which 
when carefully washed and dried at the heat of 
ignition, weighed 50 grains* They were pure 
alumine ; hence the general results of the experi- 
ments, when calculated upon, indicated for 100 
parts of the mineral : 
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Aluraine 70 grs* 

liiine, - * - - L4 

Water. 

Loss 2.4 


100 

N, B . The loss Mr, Davy is iadined to attribute 
to some fluid remaining in the stone after the pro^ 
cess of distilliition^ for he learnt from several 
experiments, that a red heat is not sufficient to 
expel all the matter capable of being volatilized, 
and that the fall effect can only be produced by 
a strong 'white heat. 

Fifty grains of a very transparent part of the 
fossil, by being exposed in a red heat for fifteen 
minutes, lost 13 grains | but when they were 
heated to whiteness, the deficiency amounted to 
15 grains, and the case was similar in other 
trials. 

Example 3, — Ajialysis of Adamantine Spavy or 
Cornndumyjrom BengaL 

Process I, "One hundred grains of the stone 
fritiiratcd with water in a flint mortar, were 

N n 2 
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found j after drying and ignition j to have in- 
creased I t grains in woiglil,^ which was owing 
to particles of flint abraded from the mortar* 

1I‘ — Upon these iOO grains^ four ounces of a 
.solution of potashj containing one half its weigld 
of alcalij were affused in a silver crucilrle; 
and the mixture evaporated to dryness. The 
mass being tlsen ignited for three hoursj was 
again sonened with water, and diffused throngli 
Imat fluid and filtered. The residue wdglied 47 
grains, 

IIL — The obtained fluid, process II, let fall, 
on being saturated with muriatic acid, a copious 
wiiite precipitate, which was immediately re* 
dissolved by a slight excess of acid. 

IV. — The above obtained 47 grains, process 
II. completely di?^solved in muriatic acid. 
When this solitfion was mixer! with liquid 
ammonia, it afforded a ^limy and very puffy 
precipitate. Carbonate of ammonia was then 
addal to the liquor, which had been imme- 
diately separated from tins precipitate by filter- 
ing, but no farther prccipilatioii ensued* 

y- — The obtained precipitate was transferred 
into a solution of poiasJi and digested for some 


Klaproth'^ Analytical vol. 1, 
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time. The mixture assumed the appearance of 
a solution of gum arabic. On adding more 
potash, the whole forraetl a limpid tluid, except 
some few brown flocks, which^ after having been 
dried, Aveighed grains; 

VI. — Muriatic acid being afTused upon this 
flocculent precipitate, a small portion of silex 
again separated, and liquid ammonia precipi- 
tated from the clear solution ox Id of iron, 
weighing, after ignition, If grain, 

VII. — From the alcalinc solution, V- mu- 
riatic acid threw doAvii a precipitate, which 
Avas entirely rc-dissoU"cd by a small excess of 
that fluid. 

VIII. — Both the solutions, process VII. and 
HI. Avere next mixt and precipitated by carbo- 
nate of potash at a boiling heat, and the dried 
])recipitate Avas again dissolved in dilute sulphu- 
ric acid. Wlien this solution, after the addition 
of a sufficient quantity of potash, liad been eva- 
porated to the point of crystallization, it readily 
aftbrded clear and regular crystals of alum. 

IX. — The remaining part of the solution in 
sulphuric acid, process VIII. thickened sponta- 
neously to a clear jelly, ou subsequent evapora-p 
tion. This gelatinous matter, being digested 

N U 3 
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'with an abundant quantify of waterj and re- 
I>cafcd!y agitated^ again liquefied by degrees. 
Upon this, some silex subsided; whidi, wlicti 
separated by means of a filter, and ignited^ 
amounted together Svitli tliat obtained, process 
VI; to 15i- grains, after having been boiled and 
digested in sulphuric acid. 

X. — The above solution in sulphuric acid^ 
was then evaporated for further crystallization. 
It continued to the end to yield successively 
regularly crystallized sulphate of aluminc; but 
the verj'^ last portion was still contaminatal with 
siliceous earth, amounting to 1 grain after igni- 
tion. 

XL — All these several portions of alum were 
dissolved in water, and precipitated in a boiling 
heat by sub-oarhonafe of potash i and w hen the 
alumine which they afforded had been purified 
by means of acetic acid, as stated before, they 
gave 82 1 grains of pure alumine. 

Therefore, the products obtained by the de- 
composition of the adamantine spar from Bengal 
yielded to Klaproth, 
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process XL 89 ^50 


Alumiric 
Oxid of Iron 



Subtract^ process L 11 


lleraaia 


di 5,50 


96,25 
Loss 3,75 


100 


1 ] xa 1 11 p le 4 , —Ana lysis of Chry sober il* 

Vroeess L — One hundretl grains of clirjso- 
bcryl,^ previously reduced to a poM'der, iverc 
levigated wiOi ^vater to perfect fineness in a flint 
mortar* After the poivdcr had become dry, 
it ivas subjected io gentle ignition, in order 
to free it from all moisture* However, its 
weight was increased 13 grains, )>y the abraded 
particles ot the mortar and pestle* 


Kliproth, ibid p* 86* 
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l \, — Upon these 113 grains^ introduced into 
a silver cructblcj was poured so much of a 
solution of potash j that the proportion of alcali 
wliich it contaitied amountecl to SOO grains : the 
mass was evaporated to dryness, and lastly fused 
for about two hours. 

III, — I’he fusetl alcaline mass being softened in 
tlie crucible with water, the solution was thrown 
upon a filter. When the fluid had passed 
through the paper, there remained a loose, 
light-grey powder, which being washed and 
dried, weighed 66^ grains. 

IV, — The alcaline fluid that had been sepa- 
rated from this powder, together with the water 
employed for washing the residue in the last 
process, was first evaporated, to lessen its bulk, 
and then saturated with muriatic acid. An 
abundant white precipitate fell dow'n, which 
was instantly re-dissolvcd by a small excess of 
acid* Carbonate of potash l>eing added, again 
occasioned a precipitate, which being collected, 
washed, and dried, was porous and white as 
snow ; it weighed 138| grains* 

V, "— The light grey pulverulent residue, of 
process III* amounting to 66| grains, on Ijeing 
digested in muriatic acid, left again a residue; 
which being washed, dried, and ignited, weighed 
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34y g'rains, and was found, upon farther exaini' 
iiatiou, to be another portion of pure silex* 

VI . — The muriatic solution obtained, process 
V. which was separated from the silex j was 
next decomposed at a boiling lieat^ by liquid 
ammonia, which occasioned u yellowish preci- 
pitate. It was washed ; aiid^ while yet moist^ 
boiled with a solution of potash; in ’which it 
entirely dissolved, some few brown particles ex- 
c<‘i)tcd 3 wliich w'as oxid of iroiij weighing, after 
ignition, I j grain. 

yil. — The alcaline solution, process VL 
being saturated with muriatic acid, yielded a 
white precipitate, which, by a slight excess of 
acid, again formctl a clear solution. The pre- 
cipitate was a second time precipitated, by 
boiling it with carbonate of pofasln Its weight 
amounted, after desiccation, 29 grains. 

yilf.— These last 29 grains, together with 
the preceding 138} grains of the product, pro- 
cess IV , to which was also added the tw o grains 
whicli were collected from the w^ashings by eva- 
poration, were digested wdth dilute sulphuric 
acid. Tlie whole was dissolved, excepting a 
portion of silex, wliich weighed 4 grains. 

IX. — When thi'^ solution was a little evapo- 
rated at a low temperature, tender, spicuhir, or 
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spear shaped crystals^ gradually srparafed ; 
Bhich were collected. They prcKCiit€?d al! the 
marks of selenite, or sulphate of lime; and^ on 
decomposition by a solution of carbonate of pot- 
aslij in boiling heat, tliey afforded J 1 grains of 
carbonate of lime = to 6 of lime. Tins calca- 
reous earth of the chrysoberyl was, doubtless, 
before contained in the precipitate of process IV< 
and previous to its falliiig down, it was held in 
solution merely by the water, as it was then in 
the stale of lime free from carbonic acid, 

X,— This sulphuric solution was now com* 
billed with the proportion of carbonate of potash 
requisite to the formation of alum, which 
yielded, by degrees, regular crystals. Tow'ards 
the end, however, a slight portion of silesc ap- 
peared, which feeing ignited, w^eiglied £|: grains. 
The total weight of the sulphate of alumine ob* 
tidned amounted to 604 grains. 

This alum was rc-dksolvcd in boiling water, 
and decomposed by carbonate of potash, at the 
heal of ebuUition, After the precipitated alu- 
mine Irad been washed, dried, and gently ig- 
nited, it was digested with distilled vinegar i the 
solution being neutralized by liquid nmmonia, 
the alumine was again precipitated by this 
treatment, which, after being again washed, 
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dried j and heated to redness, proved to be per- 
fectly pure* It weighed 7 grains. 

AVe mny, therefore, infer, that the constituent 
parts of the chrysoberyl, exhibited by this 
analysis, consist in the hundred, of 


Altimine 

process X. 


71,5 

Lime 

VIII. 


6 

Oxid of Iron 

VI. 


1,5 


f 

21 1- 


Silex 

-< vin. 

4 



1 X. 

2h 



31 

Subtract, process h 13 
Remain. 18 


Remain. 18 

97 

Loss 3 


100 


Example 5 . — Analysis (f Cimolile* 

Process I * — One hundred grains of c:nfioUtc, 
in entire pieces, were exposed, for half an hour, 
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to ilic lieiit of a furnace^ hi a covered crucible. 
After coolingj it was found split into slutj frag- 
meuls^ of uneven surfaces. This process was 
accompanied p at tlic commencement of ignition^ 
with a crackling noise. The citnolile acquired^ 
at firstj a browmish grey coicnrj which again 
disappeared. It lost SI grains in wciglit during 
this operation. 

IL — Two hundred grains of finely pulverised 
cimolite, being next mixed, and ignited with 
thrice their quantity of pofasli^ in the usual 
manner, afforded, after cooling, a blueish, or 
greenish-xvh lie mass, wdiich, being softt'ned with 
water, left an insolulilc part, which was sepa- 
rated by the filter. 

III. —The alcalinc fluid, which xvas colour- 
less, was mingled with sulphuric acid in excess. 
The siliceous earth separated in the usual manner 
%vcigiied 44 grains, when perfectly dried. 

IV. — The residue of process 1. w hich was not 
taken up by the alcali in that process, weiglicd 
220 grains. It w'as dissolved by degrees, by 
being digested in sulphuric acid ; but no com- 
pleat solution was effected. It left beliind five 
grains of si lex . 

V. — Both the sulphuric solutions, namely, 
process IIL and IV : were added together, and 
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partly evaporated ; after which, crystals of alum 
appeared, on saiTering the liquor to cooL TIic 
remainder of tlie fluid, on being farther evapo- 
rated, became gelatinous- When mixed with 
water, digested, and filtered, there again sepa- 
rated a portion of silex, in the form of i}eUucid 
vitreous grains, the weight of which was 64 
grains. 

VI, — The remaining fliiitl was mixt with 
priissiate of potash, which produced a deep 
blue precipitate ; by the qimntityof which’ the 
proportion of oxid of iron determined in 
the usual manner at 2| grains, 

VII , — The iron being separated, agnail quan- 
tity of potash was added to that part of the 
sulphuric solution which yet remained. By 
this treatment, and subsequent evaporattons, 
crystals of alum were obtained, in succession, 
to the end. But, at the same time, there still 
separated, from time to time, some siliceous 
earth, amounting to 13 grains. 

VIII, — The whole of the alum produced was, 
lastly, re-dissolved in water, and the alumine se- 
parated by carbonate of potash. This alumine 
being purified and ignited, amounted to 46 
grains, 

o o 
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Si, ] 

lex^ process < 

IV. 

V. 

1 

vir. 

Alumine 

VIII. 

Oxld of Iron 

VI. 

Loss by ignition 

I. 
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Therefore^ the above 200 grains of cirnolite 
yielded : ' ^ 


'126 grains- 
46 

24 


198{ grains. 

Whence^ one hundred parts of cimolite con- 
tain : 

Silex 63 

Alnmine 23 

Oxld of Iron. Ij25 

Water. 12 

00.25 

,From what has been so far stated, th^ 
analysis of argillaceous earths and stones will 
become obvious. The extreme hardness of 
some of these compounds belonging to this 
classj particularly those usually called gems^ 
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render the Analysis of them difficult, Mr* Che- 
nevix, however^ has succeeded^ by help of borax, 
in deconi posing them. His method is as fol- 
lows : 

Frocess I* — Take one part of the stone, levi- 
gated as fine as possible, mix it with 3 or 4 
times its weight of glass of borax, (borax com- 
plcatly freed From water by fusion) and expose’ 
the mixture to a violent heat, in, a jilatina cru* * 
cible, for at least 2 or 3 hours, 

IL — To detach the mass from the vessel to 
which it adheres very firmly, digest the whole 
for some hours in muriatic acid, to effect a 
solution. 

III, — Into the obtained fluid let fall sub-car- 
bonate of ammonia till ho further cloudiness 
ensues, and collect the precipitate on the filter. 
All the earths which were present will then be 
thrown down, ^ 

IV, — Re- dissolve the oh tamed precipitate in 
muriatic acid, the borax being thus got rid of, 
the analysis may be finished in the manner 
already stated. 

Remark . Chenevix sepaHfed the a!u- 
mine in his analysis of the corundum, from its 
alcaline solution in potash, by muriate of am- 

6 6 ^ 


424 ^nalysh of Argillaceous Stones^ 

monia; the potash^ in this cascj joins to the 
iniiirtatic ^id of the muriate of ammonia, and 
the ammfonia free, determines the precipita- 
tropj of the alumine, which, when washed, is 
is perfectly pare.* We owe to Mr, Chenevix 
some very singular observations, with reg^yd to 
the affinities of alumine w^ith other earths, 
which are of the utmost importance to the 
practical analyst, as it regards the truth of all 
analyses in which this earth enters, namely, it is 
well known that magnesia cannot be completely 
separated from its acid solutions by ammonia, 
for part of the magnesia combines with ammo- 
nia, and forms with it and the acid a triple 
salt 5 but the case is otherwise, when magnesia 
is associated with alumine in the same solution 5 
in that case the ammonia first separates the 
greatest portion of alumine, together with a 
large!' quantity of magnesia than would have 
been precipitated by the ammonia onhj^ or with* 
out the presence of alumine ; and it is only after 
the ammonia has thus acted, that a farther acldi* 
tion of it forms the ammoniacal triple salt of 
magnesia above-mentioned. Ine same case 
takes place when a carbonated alcali, fiiUv saiu- 


^ PJiUoswphi Traas. iS03p pr 33 . 
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rated with carbonic acid^ is employed. For, if 
this alcali be. added to a solution containing 
magnesia, no precipitate takes place j or if any, 
as is the ease, if the alcali be not fully saturated 
with carbonic acid, the carbonate of magnesia 
formed is immediately re-dissolved j but if alu- 
mine be present, the alcali throws down both of 
the earths in combination; hence the power of 
the resol ability is lost, except that dose of the 
alumine which exceeds the saturating affinity of 
magnesia. For these singular and important 
facts we are indebled to Mr. Chenevix, who first 
published them in the 28th volume of the Am 
Chem. p. 203. — See, page 437 of this work. 

Lime, likewise, has a powerful affinity fox 
alumine; for when these two earths are present 
in a solution, ammonia, when added to it, will 
separate a portion of lime, which is not the case 
when lime alone exists in the fluid; hence the 
inode of separating lime from the other earths, 
by means of ammonia, with a view of leaving 
the lime io sokuion, as often directed, is cer- 
tainly objectionable, for a portion of the lime 
fails down, together with the other earth, and 
the, quantity iof it wall therefore be less than it 
ought to be. To remedy this defect it is ad' 

o o 3 
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visable to throw down the whole contents of the 
solution by a carbonated alcali^ to convert all 
the substance^ into carbonates. The subse- 
quent application of potash or soda wilf then 
take up the alamine, and not touch the lime, 
which is now In a carbonated state. 

Magnesia and ahnriihe may also be separated 
by succinate of soda/ whieh precipitates the 
latter earth only* 

With regard to the oxids of iron, which are 
usual iy present in all argillaceous fossils, the se- 
"paratioTi of it is by no means troublesome. The 
alcali employed in taking up the alnmine does 
not touch the ox id of iron, If in a state of red 
ox id, to which it may be brought by exposure 
to heat, or nitric acid ; if a portion should, 
however, adhere to the alumine, it may be 
removed by dissolving the alumine in murialic 
or nitric acid, and then separating the iron by 
prussiate of potash. 

Mr, Chenevix has suggested several modes of 
performing the very difficult operation of sepa- 
rating magnesia from alumine. The first is 
founded on the insolubility of malaie of lime, and 
the production of a very deliquescent salt; namely, 
malate of Tiiagncsia, If this acid therefore be 
added to a solution containing both these earths. 
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the nialate of magnesia may be removed by 
the Dperaiion caUe<l deliqnatioti^ or by abkuion 
with alcohol^ which doe* not touch the malate 
of alumincj but very readily dissolves the ma- 
late of magnesia. The second mode consists 
in the application of water impregnated with 
sulphuretted hydrogen gas, uhich, with mag- 
nesia, forms a salt readily soluble in w'ater, with- 
out ^Lcting on the aJuininc. And a third mode is 
by the applicalion of Prussic acidj which also 
fbrmsj with magnc&iaj a readily souble, and 
with alumine, a very insoluble compound. It is 
not necessary that these re-agents should be 
added in a naked slate, hydo-sul])huret of pot- 
ash, or an alcaline prussiate, answer equally 
well* The malic acid appears to deserve the 
preference to the two oihersj for, if iron is’ 
present, the malate of iron is very soluble, but 
the prussiate and hydro- sulphu ret of iron are 
insoluble, or nearly so ; hence the malic acid 
yield the alumine in a pure state, whereas by the 
application of the other two, a subsequent pro- 
cess is requisite to gel rid of this metal. 

Klaproth separates these earths when no 
others are present, by dissolving them in sul- 
phuric acid, thus converting the alumine into 
sulphate of alumine, and evaporating the whole 
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to dryness, and strongly igniting it for half an 
hour. If now water be added, the sulphate of 
magnesia will only be soluble, and the sulphate 
of ahimlne only on the addition of a portion of 
sulphuric acid and potash* In this case it is 
hoWevTT necessary that the sulphuric acid should 
be perfectly pure. The sulphuric acid of com- 
merce cannot be employed, for it always contains 
a small portion of sulphate of potash, svhich 
would at once produce alum and not sulphate ot 
alumine. 

I ' 'We shall treat again on the inodes of sepa- 
rating these earths under the article, analysis of 
mineral W'aters, 




TABULAE AREAJ^GEMENT 

OF 

ARGILLACEOUS STONES, 

kCCOEPINO TO THEItt Cltr.MlCAL COMPOSlTlOJC 
BXTJEUXAL ClIAnACT£Ri. 


Argiliaceous Stmes chkjly composed of Alumine 
almost pure^ or united to a portion (f Silex 
and Lime, 

Telesia^ saphir^ or perfect corunduTn^ oriental 
ruby of the jewellers 

White telesiaj oriental or water saphlr^ white co- 
rimdum 

Yellow telesia, or oriental topaa 
Blue telesia^ or oriental saphir 
Violet tclesia^ or oriental amethyst 
Green telesia, or oriental emerald 
Imperfect corundum^ or adamantine spar 
^icotch corundLim^ or andalusite. 

* Sowerby's MiEicralogy, ^9* 
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Spindj or true ruby, balass ruby, or rose- ret? 
shorl 

Violet red spinel 

Yellow red spinel 

Orange red spinel, or rubicelli 

Emery 

Wavellite, or hydragillite 
" EraziDan topaz 

White hyacinth, sommet, or nephdinc 
Chrysoberil, or Cimophane 
Dypyre, leucolite, or shorlite 
Sommite, or white hyacinth 
Cimolite 
Automalite 

Turmaline, or shorl . 

Yellow, or Brazilian shorl 

Green shorl ^ ' 

Saphyrine shorl 
Siliceous shorl 

Clay stone | 

Pure day, or Koolin J 

Petuntse il, 

P or cel lain clay ' t 

Pipe clay _ 

Variei^aterf day ' i 

Erick clay ,1 

Loam • [' 
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Yellow ochre 
Lytho marge 
Fuller *s earth 
•Bole 

Tripoli ' ^ 

Argillaceous marl 

Argillaceous Stones composed of Alumine^ with 
a portion of Lime^ and Magnesia* 

Ceilanite, or Pleonaste 

Ceyanitej Sappare^ or Disthene 

Clinkstone 

Mica 

Mi card 

Wackcj or grey wacke . ^ 

Grey wacke slate 
, Argillaceous shistus^ or argillite 
. Alum slate 

1 Novaculite and honestone 
! Drawing slate 
1 , Adhesive slate 
; Chlorite 
K Chlorite slate 
: Foliated Choloritc 
I ■ Diaspore 




433 


Magnesian Slones^ 


ORDER [V. 

MAGNESIAN STONES, 

Divi$io?i of Magnenajt Slones^ 

To this order of earths and stotites belong not 
only those which are chiefly cojFipDSted lof 4nagne- 
sia^ blit those minerals also in t!hough in 

smaller proportion j there exists itlijs totajlity of 
the characters^ which may be Salidteo be. charac- 
teristic of the genus. Magnesian stones some- 
times consist of two earths, soinetimcs of three. 
They may be divided in the following manner ; 

3enus r . — ^Magnesiari Stones chief t/ composed 
of Magnesia u?nted to Barack Acidy or Bo^ 
\ rates of M agues la , 

ten us ir,^ — Magnesia7i Sto7ies chiq/lif composed 
ff Magne^ky with a portion of Silex and 
Lime. 
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Genus iii.^Magnesian Stones chiefly com- 
posed of Blagnesia^ with a portion of Silex 
and Alumine* 


CHARACTERS OF MAGNESIAN STONES. 

Most of the stones of this order have a greenish 
colour 3 more or less deep, but they possess more 
or less a glittering or shining surface, seldom, 
if at all, an earthy appearance ; they do not 
adhere to the tongue ; they very seldom exhibit 
a regular crystalline form \ they do not, or few 
of them only, effervesce with acids, but they are 
soluble in boiling sulphuric acid* Their texture 
is generally scaley or lamellar ; seldom they 
have an even texture. They are only semi- 
transparent, but oftener inclined to opake. — 
Their substances are more or less smooth ; 
hence they feel soft, or rather soapy to the 
touch : they do not stain the fingers, nor do 
they soften in water like many of the argil- 
laceous stones. They discover no clayey smell 
when breathed upon : they may be cut with a 
knife, or with a machine, or turned on the 
lathe: they do not contract or harden after 
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having been exposed to heat^ and are uifusiblc 
with potash. 

ANALYSIS OF MAGNESIAN STONES. 

Tlie native combinations of magnesian stones, 
as stated already, consist chiefly of two or three 
earths, namely, magnesia, alumiiie, and lime, 
and in general some metallic oxid^ the analysis 
of them must become easy, on considering 
what has been said in the preceding pages. 
The separation of magnesia from alumioe, to 
which it has a very marked affinity, is attended 
with some peculiar difficulties# They certainly 
depend on the strong affinity which exists be- 
tween these earths, which modifies and alters 
the usual modes in which they are acted on by 
the different chemical agents, when in a de- 
tached state. This affinity was first pointed out 
by Cheiievix.^ Namely : wdien magnesia is 
dissolved by an acid, it is only partially precipi- 
tated by liquid ammonia, and if there he an 
excess of acid, the earth is not precipitated at 
all ; for ammonia has a tcodcncy to form with 


* An. d® Chem. VlII, p. i63. 

P p 2 
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them a terrary compound- Hence when li- 
quid Ammonia is added to a solution of a mag- 
nesian saJt^ part of the magnesia is precipitated, 
but another portion reinaliis in combination wiili 
tbe acid, and the amnion ia, forming a soluble 
salt. These ammoniacal magnesian salts were 
first noticed by Bergman and more fully exa* 
mined by Fourcroyt and Chenevix, But the case 
is odverwise when alumine is present* In that 
case the decomposition is eomplcat^ fov the whole 
of the magi^esia is precipitated together with tbe 
alumine^ sec p* 424. Thus Chenevix found that 
on adding an excess of ammonia to a solution 
of muriate of magnesia^ mixed with a large pro- 
porlioii of mutiate of alumine^ nothing remained 
iu solution but muriate of ammonia. Hence^ 
also, when a solution of carbonate (not sub-car- 
bonate) of potash, is poured into a solution of 
Kp^om salt, or sulpliate of magnesia, no preci- 
pitate ensues, ihe mixture remains perfectly 
transparent, because the carbonic acid evolved 
is sufficient to hold the wiiolc in solution ; but, 
if sub-carbonate of potash is emplycd, an abun- 
dant p reel pi [ate is produced, and, if alumine be 
present, the carbonate of potash will throw 
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down a precipitate, consisting of both the 
earths* When this precipitate is boiled in a 
solution of potash, only a very small portion 
of aliimine is dissolved, the greater part being 
retained by its affinity for magnesia* By dis- 
solving the residuum in muriatic acid, and then 
adding to the solution ^carbonate of potash, a 
portion of magnesia is retained in solution, 
Potash boiled on the residue dissolves a fresh 
dose of alumine, and by repealing these opera- 
tions alternately j the two earths may be sepa- 
rated from each other. Thus vve see that the 
action of magnesia on alumine is the reverse of 
the action of alumine on lime. 

I'he last promotes the solution of the liine^ 
whereas the first prevents the solution of the 
alumine. 

This being premised, we shall state the ge- 
neral modes employed in the analysis of mag- 
nesian stones, together with a few examples 
given by Klaproth. 

Process 1.^ — Let oiie part of the stone be 
ground to a fine powdef, pour over it two or 
: three parts of sulphuric acid, diluted with half a 
; part of water, boil the mixture to dryness, and 
! heat it til! no more white fumes rise, 

p p 3 
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1 Transfer tlie dry mass into twice its 
weight of w^ater^ digest it in the cold for some 
hours, and then filter it* It yields, on evapo* 
ration, a crystalline salt of a bitter taste* Dis- 
solve it in water* 

^ III* — Decompose this solution hy sub-carbo- 
nate of pclash, dry the precipitate, and heat it ; 
which, if the stone contained magnesia only, 
wdll be the earth called magnesia, which may 
be distinguished from alum in e by being inso- 
luble in caustic potash, and forming bitter salts 
with sulphuric acid* 

Example \ . — jinahjsis qJ MkmilQ^ 

'Process T* — One hundred grains of Mi cm! to 
w'Cre ground to a fine powder, and covered with 
nitric acid. The action was slow', and aitende<i 
with a w^cak effervescence; but on the applica* 
tion of heat, the solution was rapidly accom- 
plished, with a very violent effervescence. Only 
a few brown flocks remained, which dissolved 
by the admixture of a few drops of muriatic 
acid* 

II.'^The obtained solution was mingled with 
liquid ammonia in excess, which yielded a 
brown precipitate* This being w' ashed, w'as 




na 1]/ s is of Mag nesia?i St on es * 

lK>iled while yet moist in a solniion of soda, 
to free it from alumine ; but nothing was found 
soluble in it. The same precipitate was there- 
fore next dissolved in sulphuric acid, the solu- 
tion evaporated to dryness, and, lastly, ignited 
for half an hour. This mass being re-dissolved 
in water, some brown -red flocks remained, 
which after being again ignited, weighed 2^ 
grains, and proved to be ox id of iron, with a 
sHglu trace of manganese. As there is no 
doubt but the iron is contained in the stone in 
the carbonated state ; three grains of carbonate 
of iron must be accounted for it. The fluid 
from which this oxid has been separated, on 
being evaporated, yielded sulphate of magnesia. 

IIL- — That fluid which aft'orded on the addi- 
tion of liquid ammonia the before-men lioned 
brown precipitate, was combined in a boiling 
heat with carbonate of potash ; a white light 
precipitate fell down, which being washed and 
mingled with dilute sulphuric acid, produced 
aulphate of lime. It was carefully collected and 
decomposed by boiling it with a solution of 
carbonated soda, as stated before (see analysis of 
siliceous and calcareous stones.) The carbonate 
of lime, thus produced, weighed 53 grains^ 
when dried in a vvarm place. 
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IV. — What remained of the fluid from which 
the sulphate of lime had been separated j yielded 
on farther evaporation, crystals of sulphate of ^ 
magnesia, This^ together %vith that portion 
obtained in process 11, was decomposed in a 
boiling heal by carbonated soda. The sub-car- 
bonate of magnesia which was here obtained^ 
being washed and dried in a gentle heat^ 
amounted to 42^ g^'ains. 

V, — One hundred grains of the same miemitc 
in entire pieces, were exposed in a covered cru- 
cible, to a strong red heat for 30 minutes. 
They were rendered friable, and had acquired a 
dark Isabel la-ycllow colour, and lost 52 grains 
of weight- 

Yet, since the whole weight of the carbonic 
acid contained in the mentioned 53 grains of 
carbonate of lime, as well as in the 42 1 grains 
of magnesia, and in the 3 grains of oxid of iron, 
according to the usual proportions, can amount 
only to 39 grains; it is obvious, says oor 
author, that the surplus of 13 grains lost by the 
ignition, must be considered as water expelled. 
Of these, in fact, we again find the greatest part 
in the carbonate of magnesia. For, the quan- 
tity of water with which this earth, w'hile preci- 



Carbonate of Magnesia - . - 42*50 

Carbonate of Lime 53^ 

Carbonate of Iron, with a veitige 
Manganese 3* 


9S,50 


Example ^.—Analysis of the Frismutic Mag- 
nesian Spar^ 


Process I. — One hundred grains were finely 
tritiiratedj and introduced into cylindrical glass, 
which held a quantity of nitric acid sufficient 
, 10 cffcci; the solution^ and was previously put 
. in equilibrium in ^ scale* 1'hc acid acted 
but feebly, the solution proceeded but slo^vly, 
and was accompanied by no great effervescence, 
i After the end of the solution, a loss of 47| 


fritaiing, combi *ics so Intimately, that it parts 
with it only at a red heat, at %vhich also its car- 
bonic acid b driven out, amounts in 100 parts 
of carbonate of magnesia to 27 ; while the car^^ 
bonic acid contained ia it amounts only to 3S. 

The constituent parts of miemite, thcreffire, 
are in the hundred ; 
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grains was founds owing to carbonic acid \Yhitli 
had escaped, 

II . —The sol Qtion which was at first ycllowishi 
but colourless when diluted with %valerj was not 
disturbed by adding to it a few drops of sulphuric 
acid ; a proof that it contained neither barytic 
nor stroiitian earth. It was mixed with as much 
carbonate of potash as was necessary to neutra- 
lize the predominant acid^ and then assayed 
for iron by means of succinate of soda* The 
precipitated succinate of iroiij when ignited, 
obeyed the magnet. After a few drops of oil 
had been burnt over it, it presented itself as a 
black oxid of iron, weighing 2^ grains. But 
since the iron exists in this fossil in the car- 
bonated state, we must reckon 4 grains for it, 

III, — The solution freed from iron, was de- 
composed with carbonate of potash at a boiling 
heat- The precipitate obtained, amounted to 

grains, when w'ashed and dried. 

IV:— This precipitate was saturated with' 
dilute sulphuric acid. By this means sulphate 
of lime, mixed with sulphate of magnesia, was 
obtained I the mixture being evaporated to 
dryness, and elixiviated with cold water, the 
filtered fluid yielded nothing but crystals of 
sulphate of magnesia. This being re-dis- 
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solved m water, ^ and decomposed in a heat 
of ebullition by means of sub-carbonate of potash, 
afforded 3d| grains of dried carbonate of mag- 
nesia; which deducted from the preceding 
grains, reduces the amount of the carbonate of 
lime to 6o grains, 

Hence one hundred grains of the prismatic 
magnesian spar yielded, 


Carbonate of Magnesia 36,50 

Carbonate of Lime 60, 

Carbonate of Iron 4. 


loo.ao 

However, since the quantity of carbonic acid, 
combined with those proportions of the three 
constituent parts here stated, amounts only to 
40| grains, and in particular in the 

36. Y grains of carbonate of magnesia to 12 grs, 
60. do. carbonate of lime — 27 

4. do. carbonate of iron — 1.50 

40.50 

whereas the native fossil itself contains 47| 
1 grains, process I. hence 6i grains more: some 
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correction in the abo^'C statement is necessary, 
and this relative to the proportion of the car- 
bonic acid combined with the magnesia. 

The carbonate of magnesia, prepared in the 
usual way by precipitation from acids, contains 
upon average 40 per cent* of magnesia, S7 
water, 33 carbonic acid. But magnesia, like 
potash and soda, is capable of appropriating to 
itself a greater proportion of carbonic acid* 
For, if carbonate of magnesia, when recently 
prepared and still moist, be diffused in water, 
poured into a capacious bottle filled with car- 
bonic acid gas and agitated, the volume of the 
gas will be foiiutl to decrease in a much greater 
proportion, than can be absorbed by the quan- 
tity of water employed to drench the earth. 
Thus soda, perfectly saturated with carbonic 
acid, whether by nature or by art, contains less 
water of crystallization, in proportion as the 
quantity of carbonic acid combined with it 
increases- From analogy it was reasonable to 
conjecture, tliat the same is the case with mag- 
nesia; and this supposition is confirmed by ihe 
greater proportion of carbonic acid, discovered 
in that magnesia, which is a co-consLituent part 
of the fossil here examined, which is a true car- 
bonate, and the artificial, a sub-carbonate/' 
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If now we determine by computation the 
proportion of the earths and oxid of iron in a 
state of purity, it amounts in the above-men- 
tioned 

36 1 grains of Magnesia to 14.50 grs. 

60 do. Carbonate of Lime — 33 

4 do. Iron — 2.50 

50. 

Adding 

Carbonic acid 47.25 


Consequently, for the proportion 
of water remain only 


97.25 


2.75 


100 . 

According to this calculation, one hundred 
parts of the prismatic magnesian spar contain. 


Magnesia 14.50 

Lime 33. 

Oxid of Iron 2.25 

Carbonic Acid 47.50 


Water, and perhaps some loss 2.75 


446 Analysis of Magnesian Siones. 


Example 3, — A?mlysis of the Tyrolese Mag* 
nesian Spar. 

Process I, — ^An entire piece, weighing 100 
grains, was ignited in a covered crucible for 
two hours 3 yet, notwithstanding its sparry tex- 
ture, it remained entire, without flying to pieces. 

It was rendered ash-grey, and wholly opake, 
though preserving some lustre. At the same 
time its weight was lessened 4.5 grains, 

11, — The action of mineral acids upon this 
magnesian spar, while in gross framents, was not 
perceptible 3 but if pulverized, they attacked and 
dissolved it gradually, attended with a continued 
gentle effervescence. With the sulphuric acid, 
selenite was generated, and the supernatant solu- 
tion was of a pale^rcddish colour. Nitric acid 
produced a colourless solution, and the muriatic 
acid a yellow one. r 

But when pieces of calcined magnesian spar \ 
were employed, the solution went on rapidly, (i 
And in that case the nitric acid left a metal- 1 | 
lie residue behind, which was of a brown- ^ 
red colour. < 

ITT. — Three hundred grains of finely pow- | 
dered ni^iiTUa-ian spnr, mixed with U’l cfpia! * 
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f|iiantity of potash, were ignited for two hoars 
n a crucible* The mass returned black out of 
the fire, e-\ccpt that its middle part was rendered 
of a dark ash-grey* When triturated, and 
covered with water, it became J ight- green ^ 
Muriatic acid affused upon it, in sufficient 
quantity, dissolved the whole, forming a clear 
yellow tincture* 

IV* — This solution was decomposed by car- 
bonate of potash at a boiling heat* Dilute 
sulphuric acid was next poured upon the pre- 
cipitate, and the sulphate of lime thus produced, 
separated from the remaining fluid by the filler* 

V* — The solution that remained after the 
separation of the sulphate of lime, and which 
contained sulphate of magnesia, was evaporated 
to perfect dryness, heated red hot for two hours, 
and lastly re-dissolved in hot water. Upon the 
filter there remained an ox id of iron, weighing 
nine grains, wholly obeying the magnet* 

VI* — ^The solution, now freed from the oxid 
of iron, afforded by subsequent evaporation and 
crystallisation, sulphate of magnesia; which, 
wlien decomposed by potash, with the assistance 
of heat, yielded J33 grains of carbonate of 
magnesia* 
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VII. — ^The sulphate of lime obtained in pro* 
cess IV- being decomposed by boiling it with 
carbonate of potash^ furnished 160 grains of 
carbonate of Hme, To examine whether this 
still contained any magnesiaj it was re-dis* 
solved in nitric acid, and mixed with am- 
monia, and filtered* The precipitate then 
formed dissolved in sulphuric acid, and being 
again precipitated by carbonate of potash, it 
still yielded three grains of magnesia ; which 
subtracted, leaves 157 grains for the quantity of 
carbonate cf lime* 

Consequently, the above 3QO grains of the 
Tyrolese magnesian spar, yielded 

M^nesia process 136 grs. 

Carbonate of lime VII* 157 

Oxid of iron, containing 

some manganese V* 9 

302 grSi 


As no loss of weight, but rather an excess, 
appear in the constituent parts, given separately, 
we may conclude, that those ingredients might, 
perhaps, have been capable of undergoing a still 
greater degree of desiccation, 
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Therefore, a hundred parts of magnesian spar 
consist of: 


Magnesia' 45 

Carbonate of Lime 52 

Oxid of Iron, impregnated with 
manganese 3 


100 

Example ^.-^Analysis of the Silici-Mnrite^ or 
Meerscham, 

Process I.— One hundred grains of Murite 
were subjected to a brisk red heat in a crucible, 
for one hour, they lost 30 grains. But, in 
other respects, they suffered no alteration in 
their external appearance. By the result of a 
previous experiment, hereafter to be mentioned, 
the loss of weight, which this fossil sustains by 
ignition, was found to be five parts of water and 
one of carbonic acid. The above loss of 30 
grains is, consequently, divided into 25 grains 
of water and five grains of carbonic acid. 

II. — The remaining ignited 70 grains were 
reduced to a most subtle powder, which was 

a q 3 
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first reduced with water to a pulpy consistence. 
Half an ounce of strong sulphuric acid w^as ihen 
added; and all the fiuid distilled over to dryness. 
The residue being softened with boiling water, 
its undissolveci portion separated by means of 
the filter. This being washed, dried, and 
ignited, yielded 50 } grains of pure si lex, 

III. — The clear, colourless fluid shewed, by 
the taste, that it was a solution of sulphate of 
magnesia. When concentrated by evaporation, 
it deposited a small quantity of sulphate of lime. 
This being decomposed by carbonate of ammo- 
nia, aflbnlcd one grain of carbonated lime, for 
which half a grain of lime must be reckoned. 

IV, — When the sulphate of lime had been 
separated, the solution yielded, by crystalliza- 
tion, only sulphate of magnesia* From this 
salt, re-dissoived in water, and decomposed in 
a boding heat, by carbonate of potash, 37{- 
grairts of carbonate of magnesia were obtained, 
whirl) were reduced, after an hour^s ignition, to 
1 7| of niagnesiai 

An hundred parts of this stone, therefore, 
contain : 
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Magnesia... 175^5 

Silex 50,30 

Lime 0,30 

Water.. * 23 

Carbonic acid . . 3 


98,93 

Mr. Klaproth could not accurately ascertain, 
in the humid %vay, the proportion of the car- 
bonic acid of this fossil ; since acids do not 
completely dissolve or decompose it in the cold, 
and hence do not at all effervesce with it, or 
only imperceptibly. For this reason, he at- 
tempted it ill the dry way, in the following 
manner: 200 grains of pulverized silici-murite 
were Introduced into a small glass retort, con- 
nected %vith the niereurial apparatus, and kept 
in ignition until the vessel was near fusing. 
The water that passed over was collected in the 
intermediate vessel or cylinder, while the gas 
was caught in a receiver above the mercury. 
The water weighed 35 grains. It was yellow- 
ish, and emitted a smell like petroleum ; it 
also manifested a slight vestige of ammonia, 
which, however, was soon succeeded by a 
feeble trace of an acid* The gas, deducting 
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the common air contained in the apparatus^ 
amounted to 13 cubic inches^ whose weight is 
nearly seven grains* This was entirely ab- 
sorbe4 by lime-water. 


Example 5. — Analysis of the Semi Indurated 
Steatite^ 


Process L—Two hundred grains of this stea- 
tites^ finely scraped with a knife, %vcre subjected 
to a red heat, in a crucible, during one hour* 
They lost 1 1 grains, the ignited powder of the 
stone received a yellow colour, 

IL — This being mixed in a silver crucible 
with a solution of potash, of which the potash 
was double the weight of the pulverized stone, 
and, after having been evaporated to dryness, 
was kept in ignition for half an hour. The 
mass w'as again dissolved in water, and digested 
with miiriaiic acid, added in excess. The sili- 
ceous earth thus separated weighed 119 grains* 
III. — The muriatic solution being mingled 
with carbonate of potash at a boiling heat. A 
brownish precipitate was produced. This being 
treated with muriatic acid, the solution evapo- 
rated, and the dry saline mass strongly ignited 
for half an hour* Having re-dissoived this 


1 

I 

( 
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saline mass in water^ a brown oxid of iron 
wa5 separated by filtration. The clear solution 
wa:^ combined with carbonate of potash ^ at the 
teniperature of boiling. By these meatiSj 147 
grains of very loose and white sub -carbonate of 
magnesia were precipitated. One half of this^ 
re-dissolved in sulphuric acid^ and crystallized, 
aflbrded pure sulphate of magnesia. The other 
half, when heated to redness, weighed 30 { grains, 

IV, — The red oxid of iron, that had separated 
from the aqueous solution of the ignited saline 
mass, process III, weighed nine grains, Eut^ 
as the portion of iron existing in the mixture of 
Bleat Ites cannot be considered in the state of red 
oxid, but only as being in the state of black 
oxid of iron, altractible by the magnet, it was 
deflagrated wbth linseed oil, in a covered cruci- 
ble. — This oxid of iron now weighed only five 
grains. 

According to this analysis, the steatites (from 
Bareutb) consists, in hundred parts, of: 


Magnesia 

Silex 30,50 

Oxid of Iron 2,50 

Water 5,50 
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Example 5, — J7ial^sis of the SteatiiCy or Soap 
Rock^Jrom CornwulL 

Trocoss I* — One ounce of itj in select pieces^ 
was exposed to an intense red heat^ placing 
the coated glass retort in open fire, 7'here 
distilled over a little tasteless water* The stea- 
tite lost 75 grains, and acquired a darker colour, 
and a considerable degree of hardness. 

IL — It was next, after previous pulverization, 
ignited with two ounces of carbonate of potash, 
The mass was levigated with water, and digested 
in an excess of muriatic acid. By this means, a 
large quantity of a white, porous earth, subsided ; 
which being washed, and exposed to a red heat, 
weighed 204 grains, and was pure siliceous earth, 
III, — When the filtered solution had been 
combined with prussiate of potash, a blue pre*^ 
cipitate was produced, which being collected, 
washed, dried, and ignited with a little wax, 
yielded ox id of iron attractable by the magnet, 
and weighing seven grains j of wdilch, on sub- 
tracting the portion of iron belonging to the 
prussiate of potash employed, 3| grains must be 
considered as belonging to the steatites, 

IV* — From the muriatic solution, freed from 
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iron, the earthy contents were precipitated by 
carbonate of potash. The precipitate obtained 
m^eiglied 192 grains^ after being gently ignited. 
These were covered with a proportionate quan- 
tity of distilled vinegarf digested with a lowheatj 
and, lastly^ thrown upon the filter. The inso- 
iuble part that remained on the paper^ and 
which weighed 93 grains, when dried and 
ignited, was mixed with three times its weight 
of sulphuric acid; the mixture evaporated nearly 
to dryness in a sand heat; the dry saline mass 
diffused through water; and lastly filtered. By 
this treatment there yet remained 2d grains of 
silex. 

V, — The sulphuric soiutionj therefore con- 
tained 67 grains of earth ; which precipitated 
by a carbonate alcali, and examined in the usual 
way, w^as found to be merely al amine. 

VL— Of the first 192 grains of the earthy 
precipitate, process IV, 99 grains were taken up 
by the acetic acid , These were also precipitated 
by carbonate of potash. The earth thus ob*- 
tained was assayed by sulphuric acid, and found 
to be magnesia. 

Therefore, one ounce of this steatite from 
Cornwall ytelcled : 
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TABULAR ARRAA'GEMENT ' 

MAGNESIAN STONES, 

ACCOKDIN& TO TflEIft CH^MTCAt EOMPOSITIOTI IN® 
EXTETtNlL CHAllACTERS. 


Native carbonate of magnesia 
Silici-muriacite, meerschaum^ or kiffekiel 
Nephritic stonCj or jade 
Green nephritCj or lemaiiite 
Axe Slone 

Steatite^ soap rock^ or Spanish chalk 

Agalmaltoiite^ pagoditej or figure stone 

Serpentine, commom 

Noble serpentine 

Potstone 

Litho marge 

Friable Hthomarge 

Indurated Hthomarge 

E r 
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Schillerstone 

Chlorite, coiiiraon 

Foliated chlorite 

Chlorite slate 

Farthy clilorite 

Green earth 

Talc, common 

Indurated talc 

Earthy talc, or talcite 

Foliated, Venetian talc, or Muscovy glass 

Asbestus 

Amianth, fine fibrous, flexible asbestus, or moun- 
tain flax 
Eyssolite 

Ligniform asbestus, or rock %vood 
Suberiform asbestus, mountain cork, or moun- 
tain leather 

Aclynolite, actinote, or strahlstcia 
Magnesian spar 
Tremoliie 
Glassy trcmolite 
Asbestiform tremolite 
Chiastolite, crucite, or inacle 
Ofivin, or volcanic chrysolite 
Miemite 

Eoracite, or borate of magnesia 
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ORDER V. 

BARYTIC STONES. t 

Division of Barf/lic Stones. 

This order comphrehends only two genera, 
namely : 

Genus i. — Carbonate of Barytes. 

Genus u.-^Sulphate of Barytes. 

CHARACTERS OP BARYTIC STONES. 

The stones belonging to this order are parti- 
cularly distinguished by their superior specific 
gravity, in which they exceed all other stones 
and earthy minerals. Their specific (Gravity is 
four, or at least near to it : exposed to heat they 
emit a phosphorescent light. They have rather 
a spongy appearance ; they are less hard than 
siliceous stones, and may be scratched with 
a knife. 

R r 2 
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^4nalj/sis of Baryiic Sfonej* 


ANALYSIS OF CARYTlC STONES, 

^72a lysis of Carlonate of Barytes, 

Process I, — Dissolve a clderminAtc quantity 
of the iiiirieralj in nitric acklj diluted witii 10 of 
ivater, and assay a portion of this solution by 
sulphate of sotla; if a precipitate ensues, on 
adding a small quantity of this salt to the so- 
lution of the eaTtli diluted Yiiih 20 times its bulk 
of water, we may conclude that either bary tes or 
strontia is present. 

IL — To ascertain w hich of these earths, (viz. 
barytes or strontia) is present, or, if both are 
contained in the solution, to separate them from 
each other, add sulphate of soda till the precipi- 
tate ceases i decant tlie supernatant liquid ; wash 
the sediment on a filter, and dry it, — Thea 
digest it, with four times its weight of sub- 
earbonatc of potash, and a sufficient quantity of 
water, in a gentle heat, during two or three 
hours. A double exchange of principles en- 
sues, mul we obtain a- carbonate of barytes or 
strontia, or a mixture of both. Pour on 
these, nitric acid, of the specific gravity L4, 
diluted with an equal ’weight of distilled water. 
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This Tvill dissolve the strontia, but not the 
barytes. To determine whether any stiontia 
has been taken up by tlic acid^ evaporate the 
solution to dryness^ and disst>lvc the dry mass in 
alcohol. This alcoliolic sohitionj if it contain 
nitrate of strontia, will burn with a carmine red 
flattie 

Barytes and strontia may also be separated 
from each other in the followitig manner : to a 
saturated solution of the two earths in an acid, 
add prassiatc of potash^ which, if pure, will 
occasion no immediate precipitation; but, after 
some time, small and insoluble crystals will form 
on the surface of the jar. These arc the prus- 
siate of barytes, which may be changed into the 
carbonate by a red heat, continued, with the 
access of air, till the black colour disappears, 
Tlie strontia may be iifferwanl separated from 
the solution by carbonate of potash . 

A third mcthotl of separating strontia from 
barytes is founded on the stronger afliiuty of 
barytes, than of die former earth, for acids, 
licnee if the two earths be present in the same 
solution, add a solution of pure barytes till 
the precipitation ceases. The barytes will seize 
the acid, and will throw down the strontia. 

R r a 
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The strontia solufumj in this case, should 
have no excess of acid, wliicli would prevent 
the action of the barytic earth. 

Haring thus ascertained the presence of these 
earths, evaporate the nitric solution to dryness, 
and expose it to a red beat in a crucible; the 
earth thus obtained is barytes ; it is soluble 
in 20 times its weight of water ; and if the solu- 
tion be evaporated, yields crystals of long four- 
sid^ prisms- It separates sulphuric acid from 
all its combinations. If we drop a crystal of 
this eiirth into a solution of sulpliate of soda, a 
white precipitate will instantly cnsiie- 

Tke Analysis of Sidplmie of Barytes is ana- 
logous to the examination of sulphate of strontia, 
which shall be noticed presently. 



GARYTIC STONES 



Carbonate of bary tes^ witlicritcj or barolite 

Striated carbonate of barytes 

Foliated carbonate of barytes 

Sulphate of barytes^ or baroselenite 

Compact sulphate of barytes 

Curved lamellar ditto 

Straight lamellar ditto 

Columnar ditto 

Prismatic, or acicular ditto 

Bolognese ditto 

Granular ditto 
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Sirmtia Stones^ 


ORDER VL 

STROKTIA STONES. 

Division of Siro7itia Stones. 

Of this order of earth ihcre are likewise only 
two genera known at present. In the one^ the 
strontia earth is combined with carbonic acid j 
and in the other it is united to sulphuric acid. 
The first species appears in solid masses ; 
it is composed of long fibres^ adhering to 
each other, and disposed in a radiated manner. 
Its colour is generally whitish, and asparagus 
green, which appears deeper towards the centre 
of the mass. When broken, its surface is a 
ILUlc shining in certain directions^ it is brittle, 
and has a little transparency. Its surface can be 
scratched with a knife ; its specific gravity is 
from 3.4 to 3.GG, The solution of this earth in 
nitric or muriatic acid, when evaporated to dry- 
ness, tinges the flame of alcohol, carmine red. 

Sulphate of strontia occurs botli amorphous 
and crystallised, most commonly in bevelled 
tables, sometimes in rhomboidal cubes, set edge- 
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Analysis of Strontia Stmes. 

ways in tlie mafrix^ Its text arc is foliated, and 
more or less transparent* The specific gravity 
uf this mineral readies from 3.51 to 3>9G. Its 
colour is most commonly reddish, or sky blue, 
and sometimes colourless* 


ANALYSIS OF STKONTIA STONES* 

Analysis of Carhonate of Slwntia^ 

Process I* — Dissolve a deterramafe quantity 
of the stone supposed to be carbonate of stron* 
tia in dilute nitric acid, evaporate the solution, 
and sufier it to crystallise; collect a portion of 
these crystals, and, when dry*^ moisten them with 
.alcohol in a silver spoon, Sj^t fire to the mix- 
ture, ami hold it while burning over the flame of 
a candle, so as to cause a quick and rapid com- 
bustion* The flame of the alcohol will be tinged 
beautifully red, 

IL — Expose the nitrate of strontia to a jed 
lieat, and obtain the eaith from this nitrate in 
a similar manner as directed for obtaining ba- 
rytes, Tlie earth thus obtained should amount 
to more than one half of the stone employed. 
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Afial^sis of Sulphaie of Sironfia^ 

Pi ocesB I, — IjolI one part of sulpIiiUe cfT 
stroutLaj TcducccI la an impulpable powdrr, 
Mith 4 or G of carbonate of potasli in \2 of 
ivater for about hvo hours^ renewing the w abT 
as it evaporatej and agitate tlic Tuixiure fre- 
quently* 

1 1* — Decant tbc supernatant fluids and wasli 
the insoluble residue in w^ater, 

II L — Transfer this insoluble powder into di- 
lute nitric acidj and effect a solution* 

iV . — Evaporate the fluid to dryness^ and ex- 
pose it to a red licat: the earth thus obtained 
is strontia; dissolve it in water* evaporate the 
BolutioHj and suffer it to crystallise* Tlic re- 
maining fluid may be examined for lime, &c. 
in the usual manner* 

Vaiiquelin analysed an impure specimen of 
sulphate of strontia, as follows : 

Process L — On 200 parts of the mineral, 
diluted nitric acid was poured. A violent efler- 
vesceticc took place, and part of it was dissolved* 
The undLssolved portion, after being heated red 
hot, weighed 167. Therefore 33 parts were 
dissolved* 
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IL—The nitric solution ^vas evaporuted to 
dryness : a reddish substance remained^ ^\liich 
indicated the prescJLCC of oxid of iron. This 
substance was rc-dissoIved in water, and some 
liquid ammonia mixed with it ; a reddish pre- 
cipitate appeared, whicl*, when dried, wciglicd 
one, and was oxid of iron. The remamder of 
the solution wiis precipitated l)y carbonate of 
potash. T!ie precipitate weighed, when dried, 
SO, and possessed the properties of carbonate of 
lime. Therefore 900 parts of this mineral con- 
tain 90 of carbonate of lime, one of oxid of iron, 
and the remainder of the 33 parts he concluded 
to be water. 

IIL — ^T!ie 167 parts, w'hich were insoluble in 
nitric acid, were mixed with oOO parts of car- 
bonate of potasli, and 7000 pa ts of water, and 
boiled for a considerable time. Tlic solution w^as 
then filtered, and the residuum washed and dried. 
The liquid scarcely effervesced with acids ; but 
with barytes it produced a copious precipitate, 
totally insoluble in muriatic acid. Therefore it 
■contained sulphuric acid- 

iV.—The undissolved residuum^ when dried, 
iiweighed 129 parts* It dissolved completely hi 
['muriatic acid. The solution crystallized in 
ijicedlcs; when dissolved in alcohol, it burnt 
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% 

witli a purple flame ; anclj in sliort, Iincl all tlic 
propc^rties of niuriafe of sfrotiiia, Tfierefore 
these 1S9 parts were carbonate of strontia, 
NoWj 100 parts of this carliojiate contain 30 
of carbonic acid; therefore J20 contain 
Hence the mineral must coiitain in 200 parts 
90,3 ofstrontian, 

Nowj the insoluble residuum of 167 parts was 
pure sulphate of strontia ; and W'c have seen 
that it containetl 90,3 of strontia. Therefore 
the sulphuric acid must amount to 76,7 parts. 





TABULAR AKKANGEMENT 


STRONTIA STONES, 



Carbonate of strontiaj or stronianite 
Sulphate ofstronlia, or cclcstine 
Compact sulphate of strontia 
Fibrous sulphate of strontia 
Foliated sulphate of strontia 
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ORDER VII. 

STONES BELONGING TO THE GLUCINE OBDEIl* 

Division of the Slones belonging to the Glucine 
order. 

This earth has Ijitherto l>eeii found onlj^ in 
three stories, namely; in (lie A igiic-iriarijic, of 
Beryl, a transparent stone of a green colour ; 
in the Einerald of Peru, or Smaragcl, a stone 
of a similar colour ; and in tlic Euclase. 

% 1 

ANALYSIS OF THE BERYL, OK EMERALD OF 
PERU. 

% 

Pf ocess I.— Take any quantity of Ijeryl or 
emerald, and having reduced it to a very fine 
powder, mix it with about three times Its weight;' 
of potash in a liquid tlrrm, and digest it to dry^ 
ness in a silver crucibh*, after which Jet it lie 
moderately ignited for about half an 1 tour: the i 
resulting mass will Ik* found to be entirely soluble 
in a slight excess of muriatic acid, and the , 
solution^ after being evaporated to dryness and 
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then cliffiised in water, wtli deposit nearly the 
whole of the silex. 

It. — The munalic solution is now to be super- 
saturated with potasli or soda and boiled, by 
which the ox id of iron and of chrome, if any is 
present, will be separated, 

ill* — Ttio clear liquor bcing^ again supersa- 
turated with muriatic acid and afterwards mixed 
at a boiling temperature with carbonate of soda, 
deposits the whole of its earthy contents in the 
form of a white soft precipitate. 

TV',— This precipitate after beiiig well washed 
in water, is to be dissolved in sulphuric acid, 
and the solution being transferred into a ground 
stoppered bottle is to be considerably supersatu- 
fated with carbonate of ammonia: both the 
alumine and glucine will be at first precipitated, 
but this last, by the assistance of occasional 
agitation will be re-dissolved in the course of 
a few hours. 

V- — The earthy residue is to be again dis- 
solved in sulphuric acid, and sulphate of potash 
being added, a copious deposit of crystals of 
alum will take place. 

The residuary liquor and washings of the 
crystals being again treated with a large excess 
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of carbonated animoniaj tlie remaining portions 
of gtucine l)ecoincs extracted , and the two am- 
moniacal solutions are to be arkled together^ 
This fluid wdicn boiled in a retort deposits the 
*whole of the glucine in the state ot a ■white 
powder,^ and combined with carbonic acid : 
after being w^ashed and dried it must be ignited, 
by which it will lose carbonic acid and moistnre 
to the amount of about half its w^eight^ and the 
residue is pure glucine. 

The remaining earths may be separated ac- 
cording to the rules laid down before, under the 
articles Analysis of SlUceous and Calcareous 
Stones- 
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ORDER VIIL 


STONES BELONGING TO THE 55IRCON ORDER, 


Division the Stones ielongmg to the Zircon 
order. 


There arc only two stones hitherto known 
belonging to this order^ namdy: Zircon^ or 
Jargon, and the Hyacinth, 


ANALYSIS OF THE ZIRCON OR JARGON* 

\ 

The analysis of this precious stone may be 
accomplished iii the following manner: 

Process I* — Tfie mineral being very accu- 
rately pulverised is to be mixed with six times 
its weight of perfectly aiustic potash dissolved 
in a little water. The mass being evaporated 
to dryness in a silver crucible is to be kept 
at a low red heat for two hours: after this, 

0 s 3 
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being allowed to cool, it will be found strongly 
adherent to the crucible, and must accordingly 
be covered with 10 or IS times its weight of 
water, to which must then be added a suffi- 
ciency of muriatic acid in order to supersaturate 
the alcali. By a gentle <lig€stion the whole 
of the mass will be dissolved, and the clear 
solution is to be cyaporaicfl slowly to dryness, 
stirring it about all the time to facilitate Uic 
separation of the silex, 

II.“^Tlm residue of the evaporation is now 
to i>e digested with a moderate quantity of 
water slightly acidulated by niurlatic acid, 
which will take up the zircon and oxid of 
iron, leaving the silex behind. Tins evapo- 
ration and re-solution in very dilute muriatic 
acid is to be rcjx^ated two or three times, that 
every particle of silex may he separated. 

IIL — To the muriatic solution is now to be 
added carbonate of ammonia, wldch at first oc- 
casion an abundant precipitate, but by adding 
an excess of the alcali tlie whole of the zircon 
will be re'dissolved and the o.xid of iron falls 
down to the bottom. 

IV-^ — The clear filtered liquor is to be boiled 
for two or three hours, by which the excess of 
ammonia will be driven off, and the zircon 
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be deposited in the state of carbonate, and 
in the form of a white powder* This powder 
being washed and properly dried is afterwards 
to be ignitedj by which about 43 per cent* of 
water and carbonic acid will be driyen off, the 
remainder being pure zircon* 
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ORDER IX. 

STONES BELONGING TO THE YTTKIA OKDEB. 


Division of Stones belonging to the Yttria 
ordejr. 

Tiic only mineral known to contain the pecu- 
liar earth called Y ttria^ is Gadolinite. 

The mineral called Yttro-^Tantalitc contains 
this earth only in a minute quantity, and is 
properly an ore, belonging to the ores of tan- 
tiiliuirij where it has been noticed already. 


ANALYSIS OF THE GADOLINITE. 

Process L — Gadolinite being ground to a 
fine powder is digested with diluted nitric acid^ 
and evaporated to dryness^ taking care to in- 
crease the heat towards the end of the process, 
in order to ensure the complete oxidation of the 
iron, which it always (contains in abundance. 
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II* — The Vfhole is now fo be re-dissolved in 
water, and as the solution still contains a little 
iron this may be got rid of either by again 
evaporating to dryness and suhst^qiient digestion 
in ^vatcr^ or by prccipitalitig- tlie iron by a drop 
or two of ammonia* 

IIL — The soUition is now mixed with caustic 
ammonia as long as any precipitate is pro- 
duced ; and the sujjernatant liquor and wash- 
irigs of the precipitate being mixed with car- 
bonated potash a little carbonate of lime is 
thrown down* 

IV.-^The first precipitate of process HI. 
is re-dissolyed in nitric acid^ and by the 
cautious and gradual addition of hydio-sul- 
pliuret of potash the oxid of manganese is 
separated. 

\ .“The clear liquor now only contains ni- 
trate of yttria, from which the earth is procured 
by caustic ammonia. 

^ I ■ — T he insol iibl e rcsid ues ^ process 1 1 . con- 
sist of silex and oxid of iron, which are sepa- 
rated by muriatic acid, the earth remaining 
undissolved. 

Another method is, 

P?ocess I. — 'lo fuse the mineral with twice 
its weight of caustic potash, to digest the ^mass 
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i!i hoiliiig mtCT, and ilien ^^epanile i)m liqnar 
Tvlule hot from the vindissolvod portion by the 
filler. 

II, — Xtic fluid will be of a fine green colour, 
mdicatlng the presence of niangancKe, and by 
exposure to I lie air wit! l>ecoiTie colourless, the 
ox id of manganese being precipitated in the 
form of a black powder.^ 

III, — The clear liquor is now to be satura- 
ted wilh nitric acid, and the sauic fluid very 
much dilutcLl is to be digested on the insoluble* 
portion, process J. The two riilric solutloni 

, b'inp mixeri togalier -wapenaed to dryness, 
and rodigeated in wa^et coutiifu only the nitrates 
of lime and yttriaj while the portion insoluble 
in mlrm acid coasiste of silex and oxid of iron, 
both of which are to separated in the manner 
already deisoubed* 


SOILS 



In llie preceding pages it has been endea- 
voured to exhibit a view of analysing earths 
and stones, as constituting particular orders or 
genera, and species ; we shall now consider the 
method of analysing soils, 

Land^ considered as the basis of vegetation, is 
called soil. Soils consist of different combina- 
tions of earths, intermingled with a portion of 
animal and vegetable matter, ' 

The following abstract, for determining the 
composition of a soil, are copied from a Memoir, 
presented by Mr. Davy to the Board of Agricul- 
ture. 


430 


Analysis of Soils. 

] . — Ut iliiy (f invest iga t imi tela i ing to the 
Analysis of Soils . — The methods of improving 
lands are initnedi^lely connected wUh the know- 
ledge of the chemical nature of soilsj and expe- 
riments on tlieir composition appear capal^le of. 
many useful applications. 

The importance of this subject has l>ccn al- 
ready felt by some very able cultivators of 
Ecicrice: many useful facts and observations^ 
with regard to i1j liave bear furnished by Mr, 
Young; it has l>ocn examined by Lord Dun- 
donald, in his treatise on tJie Connexion of 
Chemistry with Agriculture, and by Air. Kir- 
waiij in Ills excellent essay on manures : but the 
» enquiry is still far from being exhausted, and 
new methods of elucidating it are almost con- 
tinually offered, in cojisequencc of the rapid 
progress of cliemical discovery. 

In the following pages I shall have the honor 
of laying before the board an account of those 
methods of unalysing soils which appear most 
precise and simple, and most Ukely to be useful 
to the practical farmer; they are founded partly 
upon the labours of the gentlemen w hose names 
have been just mentioned, and partly upon some 
later improvements. 


481 


Analysis of Soils, 

The substancpfi which are found in soils are 
certain mixtures or combinations of some of the 
primitive earths, animal or vegetable matter in a 
decomposing state, certain saline compounds, 
and the ox id of iron. These bodies always 
retain w^^ter, and exist in very different proper-' 
tions in different lands; and the end of analy- 
tical experiments is the deti!<'tion of their quan- 
tities and mode of union, 

i*^Mode of colhciing Soils for Analysis ,. — 
In cases wlien the general nature of the soil of a 
field is to he ascedniiicil, specimens of it should 
be tuk(m from different places, tw^o or three 
inches below the surface, and examined as to 
the similarity of their properties. It sometimes 
happens that upon plains the whole of the 
upper stratum of the land is of the same kind, 
and in this case one analysis will be suffidicnt ; 
but in valleys, and iieiir the beds of rivers, there 
arc very great difforcnces, anti it now and then 
occurs that one part of a field is calcareous, and 
another part silia^ous ; and in this case, and in 
analogous cases, the portions difierent from each 
other should be separately submitted to experi- 
ment. 
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Analysis of Soils^ 

• Soils, when collected, if they cannot be im- 
mediately examined, should be preserved in 
phials quite filled with them, and closed with 
ground glass stoppers. 

The quantity of soil most convenient for a 
perfect analysis is from two to four hundred 
grains. It should be collected in dry weather, 
and exposed to the atmosphere till it becomes 
dry to the touch. 

The specific gravity of a soil, or the relation 
of its weight to that of water, may be ascer- 
tained by introducing into a phial, which will 
contain a known quantity of water, equal vo- 
lumes of water and of soil^ and this may be 
easily done by pouring in water till it is half 
full, and then adding the soil till the fluid rises 
to the mouth 5 the difference betw^ecn the 
weight of the soil and that of the water will 
give the result ^ T hus if the bottle contains 
four hundred grains of water, and gains tw*o 
htindrcd grains when lialf filled with water and 
half with soil, the specific gravity of the soil 
will be % that is, it will be twice as heavy as 
water, and if it gained one hundred and sixty- 
five grains, its specific gravity would be 1823, 
water being 1000 , 
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It is of importance, that the specific gravity 
of a soil should be known, as if affords an indi- 
cation of the quantity of animal and vegetable 
inatter it contains : these substances being aU 
wavs naost abundant in the lighter soils* 

The other physical properties of soils should 
likewise be examined before the analysis h 
made, as they denote to a certain extent their 
composition, and serve as guides in directing 
the experiments. Thus sllfceous soils are gene- 
rally rough to the touch, and scratch glass when 
rubbed upon it; argillaceous soils adhere strongly 
to the tongue, and emit a strong earthy smell 
when breathed on; and calcareous Soils arc soft, 
and much less adhesive than argillaceous soils. 

3 , — Mode of ascertaining the •qmntiiy of 
Water of Ahsorpiton in Soils, — Soils, though 
as dry as they can be made by continued^eXpo- 
&ure to the air, in all cases still contain a con- 
siderable quantity of w'ater, which adheres w-ilh 
great obstinacy to the earths and arvimal and 
vegetable matter, and can only be driven oft 
from them by a considerable degree of heat. 
The first process of analysis is, to free the given 
weight of wil from as much of this water as 
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possible, without in other respects affecting its 
composition; and this may be done by heating 
it for ten or twelve nu nates over an Argand^s 
lampj in a bason of porcelaiiii to a temperature 
equal to 300.* Fahrenheit ; and in case a ther- 
mometer IS not used, the proper degree may be 
easily ascertained, by keeping a piece of wood 
in contact with the bottom of the dish : as long 
as the colour of the wood remains unaltered, 
the heat is not too high ; but when the wood 
begins to be charred, the process must be stop- 
ped. A small quantiiy of water will perhaps 
remain in the soil even after this operation, but 
it always affords useful comparative results ; and 
if a higher temperature were employed, the ve- 
getable or animal matter w-ould undergo decom- 
position, and in consequence the experiment be 
wholly unsatisfactory. 

The loss of weight in the process should be 
carefully noted ; and when in four hundred 
grains of soil it reaches as high as 50, the soil 
fmay be considered as in the greatest degree 
absorbent, and reteniivc of water, and will ge- 

* In several txpcrimcntjp in which this process has been car- 
fitd by discilUtlon^ ! have found the waser ihm tame ever 
pure, and nn acnublt tjuiiititjr of other volatile matter 
pr^n'a^ed. 
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irerally be found to contain a large proportion of 
alumine. When the loss is Only from 20 to 
10, the land may be considered as only slightly 
absorbent and retentive, and the siliceous earth 
as most abundant, 

4 . — Of the separation of Stones^ Gravel, ani 
vegetable fibres, from Soils . — None of the loose^ 
stones, gravel, or large vegetable fibres, should be 
divided from the pure soil till after the water is 
drawn off ^ for these bodies are themselves often 
highly absorbent and retentive, and in conse- 
quence influence the fertility of the land-. The 
next process, however, after that of heating, 
should be their separation, which may be easily 
accomplished by the sieve, after the soil has 
been gently bruised in a mortar. The weights 
of the vegetable fibres or wood, and of the gravel 
and stones, should be separately noted down, 
and the nature of the last ascertained ; if calca- 
reous, they will effervesce with' acid; If silrceous, 
they will be sufficiently hard to scratch glass j 
and if of the common argillaceous class of stone^i,* 
they will be soft, easily scratched with a knffo^ 
and incapable of effervescing with acids. 
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5 . — Separation of ike Sand and Clay), or 
Loam^ from each other , — The greatest number 
of soils, besides gravel and stones, contain larger 
or smaller proportions of sand of different de- 
grees of fineness ; and it is a necessary opera- 
tion, the next in the process of analysis, to 
detach them from the parts in a state of more 
minute division, such as clay, loam, marie, and 
vegetable and animal matter. This may be 
^effected in a way sufficiently accurate, by agi- 
tating the soil in water. In this case, the 
coarse sand will generally separate in a minute, 
and the finer in two or three minutes, w'hibl 
the minutely divided earthy, animal, or vegeta- 
ble matter, will remain in a state of mechanical 
suspension for a much longer lime ; so that, by 
pouring the water from the bottom of the vessel, 
after one, two, or three minutes, the sand wilt 
be principally separated from the other sub- 
stances, which, with the water containing them, 
must be poured into a filter, and after the water 
has passed through, collected, dried, and weighed ; 
the sand must likewise be w'eighed, and their re- 
spective quantities noted down. The water of 
jixiviation must be preserved, as it will be found 
to contain the saline matter, and the soluble animal 
and vegetable matters, if any exist in the soil. 
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6 . — Examination of tkie Sand.—l^y the pro- 
cess of washing aod filtration^ the soil is sepa- 
rated into two portions, the most important of 
which is generally the finely divided matter* A 
minute analysis of the sand is seldom or never 
necessary, and its nature may be detected in 
the same manner as that of the stones or gravel. 
It is always either siliceous sand or calcareous 
sand, or a mixture of both. If it consist wholly 
of carbonate of lime, it will be rapidly soluble in 
muriatic acid, with effervescence; but if it con- 
sist partly of this substance and partly of sili- 
ceous matter, the respective quantities may he 
ascertained by weighing the residuum after the 
action of the acid, which must be applied till 
the mixture has acquired a sour taste, and has 
ceased to effervesce* This residuum is the 
siliceous part: it must be washed, dried, and 
heated strongly in a crucible ; the difference 
between the weight of it and the weight of the 
whole indicates the proportion of calcareous 
sand* 


1 Examination of ikefndii divided Mutter 
of Soils^ and mode of detecting Miid Lime and 
Magnesia.^Th^ finely divided matter of the 
soil is usually very compound in its nature; it 
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sometimes contains all the four primitive earths 
of soils, as vydl as animal and vegetable matter ; 
and to ascertain the proportions of these with 
tolerable accuracy is the most difficult part of 
tl)e subject. 

The first process to be performed, in this part 
of the analysis, is the exposure of the fine 
matter of the soil to the action of die muriatit 
acid. This substance should be poured upon 
the earthy matter in an evaporating bason, in a 
quantity equal to twice the weight of the earthy 
matter, but diluted with double its volume of 
water. The mixture should be often stirred, 
and suffered to remain for an hour, or an hour 
and a half, before it is examined. 

If any carbonate of lime or of magnesia exist 
in the soil, they will have been dissolved in this 
time by the acid, which sometimes takes up 
likewise a little oxid of iron, but very seldom 
any alumine. 

The fluid should be passed through a filter j 
the solid matter collected, washed with ram 
water, dried at a moderate beat, and weighed* 
Its loss will denote the quantity of solid matter 
taken up* The washings must be addled to the 
solutions, which, if not sour to the taste, irmst 
be made so by the addition of fresh acid, whe» 
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3 little solution of common pruasiate of potash 
must be mixed with the whole* If a blue pre- 
cipitate occursj it denotes the presence of oxid 
of iroiij and the solution of the prussiatc must 
be dropped in till no further effect is produced* 
To ascertain its quantity it must be collected in 
the same manner as other solid precipitates^ and 
heated red ; the result 4s ox id of iron* 

Into the fluid, freed from oxid of iron, a solu- 
tion of neutralized carbonate of potash must be 
poured till all effervescence ceases in it, and till 
its taste and smell indicate a considerable excess 
of akafine salt* 

The precipitate that falls down is carbonate of 
lime ; it must be collected on the filter, and 
dried at a heat below that of redness. 

The remaining fluid must be boiled for a 
quarter of an hour, when the magnesia, if any 
exist, will be precipitated from it, combined 
with carbonic acid ; and its quantity is to be 
ascertained in the same manner as that of the 
carbonate of lime* 

If any minute proportum of aluminc should, 
from peculiar circumsiaaccs, be dissolved by the 
acid, it will be found in the precipitate with the 
carbonate of lime, and it may be separated from 
it by boiling for a few minutes with caustic 



4^0 


Analysis of Soils^ 

potash, sufficient to cover the solid matter. 
This substance dissolves aluminc, without act- 
ing upon carl>onate of lime. 

Should the finely divided soil be sufficiently 
calcareous to effervesce very strongly with acids, 
a very simple method may be adopted for ascer- 
taining the quantity of carbonate of lime, and 
one sufficiently accurate in all common cases. 

Carbonate of hme, in all its states, contains a 

determinate proportion of carbonic acid, i. e. 

about 45 per cent, so that %vhen the quantity of 

this elastic duid, given out by any soil during 

the solution of its calcareous matter In an acid, 

/ 

is unknown, either in weight or measure, th^ 
quantity of carbonate of lime may be easily 
discovered. 

When the process by diminution of weight 
is employed, two parts of the acid, and one 
part of the matter of the soil, must be weighed 
in two separate bottles, and very slowly mixed 
together till the effervescence ceases : the dif- 
ference beuveen their weight before and after 
the experiment denotes the quantity of carbonic 
acid lost I for every four grains and a half of 
which, ten grains of carbonate of lime must be 
estimated. 
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The best method of collecting the carbonic 
acid, so as to discover its volume^ is by the 
pneumatic apparatus, the construction and ap- 
plication of which is described at the end of this 
paper. The estimation is, for every ounce 
measure of carbonic acid two grains of car- 
bonate of lime. 

8 . — Mode of ascertahimg the (luantiiy of in* 
sohihle finely divided Animal and Vegetable 
Matter . — After the fine matter of the soil has 
been acted upon by muriatic acid, the next 
process is to ascertain the quantity of finely 
I divided imolublc animal and vegetable matter 
Ahat it contains. 

This may be done with sufficient precision, 
by heating it to strong ignition in a crucible 
lover a common fire till no blackness remains in 
the mass. It should be often stirred with a 
metallic wire, so as to expose new surfiices 
^continually to the air ; the loss of weight that 
it undergoes denotes the quantity of the sub- 
stance that it contains destructible by fire and 
lir. 

It is not possible to ascertain whether this 
hubstance is wholly animal or vegetable matter, 

a mixture of both. When the smell emitted 


499 


j^nalgsu of Sails,^ 

during the mcincration is similar to that oi 
l>nrnt feathers, it is a certain indication of some 
animal mattery and a copious bine flame at tlie 
time of igiiiucm almost always denotes a consi- 
derable portion of vegetable matter. In casc^ 
when the experiment is needed to be very 
quickly performed, the destruction of the de- 
composible substances may be assisted by the 
agency of nitrate of ammonia, which, at the 
time of ignition, may be thrown gradually upon 
the heated mass, in the quantity of twenty 
grains for every hundred of residual soil, U 
affords the principle necessary to the combus- 
tion of the animal and vegetable matter, which 
it causes to be converted into elastic fluids ; and 
is itself at the same lime decomposed and lost. 

9 ,^ — Mode of separating argillaceous and Si- 
liceous Matter^ and Oxid of /ro;7.— The sub- 
stances remaining after Uie decomposition of 
the vegetable and animal matter are generally 
minute particles of earthy matter, containing 
usually al amine and silex with combined oxid 
of iron. 

To separate these from each other, the solid 
matter should be boiled for two or three hours 
with sulphuric acid, diluted with four times its 
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^veiglU of water; the quantity of tfie acid should 
be regulated by the quantity of solid residuum 
to be acted on, allowing for cv^ery hundred 
grains two drachms, or one hundred and twenty 
grains of acid* 

The substance remaining after the action of 
the acid may be eonsitlcred as siliceous; and It 
must be separated, and its weight ascertained, 
after washing and dry ing in the usual manner. 

The almnine and the of iron, if any 

exist, are both dissolved by the sulphurio acid ; 
they may be separated by carbonate of amino- 
inac, added to excess ; It throws down the 
almnine, and leaves the oxid of iron in solution, 
and this substance may Ijo separated from the 
liquid fiy boiling. 

Should any magnesia and lime have escaped 
solution in the muriatic acid, they will be found 
in the sulphuric acid; this, however, is scarcely 
ever the case; but the process for detecting 
. them and ascertaining their quantities is the 
same in both instanccs- 
The method of analysis by sulphuric acid is 

I sufficiently precise for all usual experiments ; 

I I but if very great accuracy be an object, dry car- 
iboaate of potash must be employed as the agent, 

1 u u 

1 


1 
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and the residuum of the iucineration must be 
heated red for half an hour, with fotii times hs 
weight of this substance, in a crucible of silver ^ 
or of wclt-baked porcelain. The mass obtained 
must be dissolved in muriatic acid, and the 
solution evaporated till it is nearly solid ; dis- 
tilled water must then be added, by wliich the 
oxid of iron and ail the earths, except silex, will 
he dissolved in combination as muriates. The 
si lex, after the usual process of lixiviation, must 
be heated red ; the other substances may be se- 
parated in the same manner as from the muriatic 
and sulphuric solutions. 

This process is the one usually employed by 
chemical philosophers for the analysis of stones. 

10 , — Mods of discovering Soluble Animal 
and Vegetable Matter^ and Saline Substances * 
—If any saline matter or soluble vegetable or 
animal matter, is suspected in the soil, it will 
be found In the w-ater of lixiviation used for se- 
parating the sand. 

This water must be evaporated to dryness in 
an appropriate dish, at a heat below Its boiling 
point. 

If the solid matter obtained is of a brown 
colour, and inflammable, it may be considered 


I 
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partly vegetable extracL If its smdlj when 
exposed to heat, be strong and fetid, it contains 
auinial niucilaginons nr gelatinous substance^ if 
It be while and transparent, it may be consi- 
dered as principally salitie^ matter* Nitrate of 
potash (nitre), or nitrate of lime, is indicated in 
this saline matter, by its seiiitillaung with a 
h Liming codl. Sulphate of magnesia may be 
delected by its bitter tasie ; and sulphate of 
potash produces no alteration in solution of 
carbonate of ammonia, but precipitate solution 
of muriate of barxaes. 

IL — Mode of detectifig sulphate rf Lime 
{GypsumJ and Phosphate of Lime m Sot Is. ~ 
Should sulphate or phosphate of lime be sus- 
pected in the entire soil, the detection of them 
requires a particular process upon it* A given 
weight of it, for instance four hundred grains, 
must be heated red for half an hour in a cru- 
cible, mixed wdth one- third of pow'dered char- 
coal* The mixture must be boiled for a quarter 
of an hour in a half pint of water, and the fluid 
collected through the filter, and exposed for 
some days to the atmosphei'C in an open vessel* 
If any soluble quantity of sulphate of lime 
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(gypsum) existed in the soil, a white precipitate 
will gradually fojni in the fluid, and the weight 
of it will indicate the proportion. 

Phosphate of lime, if any exist, may be sepa- 
rated from the soil after the process of g)’psunK 
^Muriatic acid must be digested upon the soil, in 
ipiantity more than sufficient to saturate the 
soluble earths ; the solution must be evaporated, 
and water poured upon the soliil matter. This 
fluid will dissolve the compounds of earths with 
the muriatic acid, and leave the phosphate of 
lime untouched, 

—Statement of Results md ProducH^^ 
When the examination of a soil is completed, 
the products should be classed, and their quan^ 
tities added together 5 and if they nearly equal 
the original quantity of soil, the analysis may be 
eoiisidetcd as accurate* It nuisl, Imwcvcr, be 
noticed, that when phosphate, or sulphate, of 
lime is discovered by the independent procc^ 
1 1 , a correction must be made for the indepen- 
dent process, by subtracting a sum equal to 
its w'ciglu from the quantity of carbonate of 
time obuined by precipitation from the muriatic 
acid. 

In arranging the prcducLs, the form should be 
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in the order of the experiments by which they 
are obtained* 

Thus 400 grains of a good slliceoos sandy 
soil may be supposed to contain 

Grains, 

Of water of absorption 18 

Of loose stone and gravel, principally sili- 
ceous 49 

Of undecompounded vegetable fibres 10 

Of fine siliceous sand 200 

Of minutely divided matter separated by 
filtration, and consisting of 

Carbonate of lime 2A 

Carbonate of magnesia 4 

Matter destructible by heatj principally 

vegetable^ - 10 

Silex 40 

Alumine 33 

Oxid of Iron 4 

Soluble matter, principally sulphate of 
potash and vegetable extract • - * - 5 

Gypsum. _ ^ * 3 

Phosphate of lime 3 

Amount of all the products 39 j 
Loss 4 
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In this instance the loss is supposed small; but^ 
in general, in actual experiments, it will he 
found much greater, in consequence of the 
difficulty of collecting the whole quantities of 
the different precipitates ; and wlicn it is within 
thirty for four hundrecl grains, there is no reason 
to suspect any w;tnt of due precision in the 
processes* 

}3*~Tkh general Method of Anahj&is^ 
ill mamjicases^ he much simplified^ — When the 
experimenter is become acquainted with the use 
of the different instruments, the properties of 
the re-agents, and the rdaiions between the 
external and chemical qualities of soils, he will 
seldom find it necessary to perforin, in any one 
case, all the processes that havx been described • 
When his soil, for instance, contains no notable 
proportion of calcareous matter, the action of 
the muriatic acid, may be omitted. In exa- 
mining peat soils, he will principally have to 
attend to the operation by fire and air, 8 : and 
in the analysis of chalks and loams, he wdll be 
often able to omit the experiment by sulphuric 
acid, 9* 

In the first trials that arc made by persons 
».macqiiainted with chemistry^ they must not 
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expect much precision of rc^^iilt. Many difficul* 
ties will be met with : but, in overcoming them, 
tile most useiul kind of practical knowledge 
will be obtained j and nothing is so instructive 
in experimental science -as the detection of 
mistakes. The correct analyst ought to be 
well grounded in general chemical information t 
but perhaps there is no better mode of gaining it 
than that of attempting original investigations. 
In pursuing his experiments, he will be coiitU 
nually obliged to learn from books the history of 
the substances he is employing or acting upon j 
and his theoretical ideas will be more valaahla 
ill being connected with practical operation, 
and acquired for the purpose of discovery* 

14 . — On ihe imprQvmnenl of Soils ^ as mn- 
necled ivUh the principle of their composition,^ 
In cases when a barren soil is examined with a 
vievv to its improvement, it ought, in all cases, 
if possible, to be compared with an extremely 
fertile soil in the same neighbourhood, and in a 
similar situation i the difference given by their 
analysis would indie ate the methods of cultiva*- 
tioii ; and thus the plan of improvement would 
be founded upon accurate scieutific principles* 
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If the fertile soil contained a large quantity of 
sand in proportion to the barren soil^ the process 
of amelioration would depend simply upon a 
supply of this substance; and the method would 
be equally simple with regard to soils deficient 
in clay or calcareous matter. 

In the application of clay, sand» loam^ maricj 
or chalky to lands^ there are no particular che- 
mical principles to be observed ; but w^hen 
(juick lime is used^ great care must be taken 
that it is not obtained from the magnesian 
Hinesloue; for in this case, as has been sheutn 
by Mr. "J ennant, it is exceedingly injurious to 
land*^ The magnesian limestone may be dis- 
tinguished from the common limestone by its 
greater hardness, and by the length of time that 
it requires for its solution in acids; and it may 
be analysed by the process of carbonate of lime 
and magnesia, 7, 

When the analytical comparison indicates an * 
excess of vegetable matter, as the cause of steri- 
lity, it may be destroyed by much pulverisation 
and exposure to air, by paring and burning, or 
the agency of lately made quick-iime. And the 


* PhUosopIi. Trans- for 1759, p: 305. This limestone b 
found in Yorkshire, Derbphirfj ard SomcTstuhirc* 
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citify ct of animal aiicJ vegetable matter must be 
^up|ilied by aoi trial or vegetable manure, 

15 ^ — Sierile Soils in differ mi cUmafes and 
tiiuaiions must differ in composiimi , — ^The ge- 
neral indications of fertility and barrenness^ as 
found by chemical experinienls, necessarily 
must differ in different climates^ and under 
different circumstances. The power of soils 
absorb moisture^ a principle essential to their 
productiveness, ought to be much greater in 
warm and dry countries than io cold and moist 
ones ; and the quantity of fine aiuniinous earth 
they contain larger. Soils, likewise, that are 
situated on declivities, ought to be more ab- 
sorbent than those in the same climate on 
plains or in valleys.* The productiveness of 
soils must likewise be influenced by the nature 
of the subsoil, or the earthy or stony strata on 
which they rest; and this circumstance ought 
to be particularly attended to, in considering 
then* chemical nature, and the system of im- 
provement, I'hus a sandy soil may sometimes 
owe its fertility to the power of the subsoil to 
retain water; and an absorbent clayey soil may 


Kirwan, Trails. Irisii Vol. V. p. iJii 
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occasionally be prevented from being barreiij in 
a moist climate by the influence of a siibstrulum 
of sand or gravel, 

16 , — Of the chemical enmponiton of fer I He 
Corn Soils in tkh climaie. — Those soils that 
arc most productive of corn contain always 
certain proportions of aluminous and calcareous 
earth in a finely divided slate^ and a certain 
cjuantity of vegetable or animal matter. 

The quantity of calcareous earth is^ however^ 
very various^ and, in some cases, exceeding! y 
small, A very fertile com soil from Ormiston, 
in East LolhiW, afforded me, in an hundred 
parts, only eleven parts of mild calcareous earth ; 
it contained twenty- five parts of siliceous sand j 
the finely divided clay amounted to fort5^-five 
parts. It lost nine in decomposed animal and 
vegetable matter, and four in vvater, and afforded 
indications of a small quantity of phosphate - of 
hme. 

This soil was of a very fine texture, and con- 
tained X'cry few stones or vegetable fibres* It is 
not unlikely that its fertility was in some mea- 
sure connected with the phosphate; ^ fur this 
Eubsianco is found in wheat, oats, and barley, 
and may be a part of their food. 






17.-0/' the composition of Soils proper for 
lulhous roots and for trees — ^In general, bulbous 
roots require a soil much more santly^ arul less 
absorbent than the grasses* A very gooti potatoe 
soil, from Varfal, in Cornwall, affordetl me seven- 
eighths of siliceous sand; and Its absorbent 


* Thij soil was s^nt to me hy T. Poole, Esq* of Neiher 
Stnwey. li is near the opening of the mer Patret into the 
Bfitijih Chancwl ; butj 1 am told, is never overflowed- 


A soil from the Jo w lands of Soinersctsliire, 
celebrated far producing excel lent crops of wheat 
and beans without manure, I foond to consist of 
one-ninth of sand, chiefly siliceous, and eight - 
ninths of calcareous niarh tinged with iron, 
and containing about five parts in the hundred 
of vegetable matter* I could not detect in it 
any phosphate or sulphate of lime, so that its 
fertility must have depended principally upon 
its power of attracting principles of vegetable 
nourishment front water and the atmosphere*^ 
Mr* Tillet, in some experinients made on the 
composition of soils at Paris, found that a soil 
composed of three-eighths of clay, two-eighths 
of river sand, and three-eighth of the parings of 
limc-stonc, was very proper for wheat* 
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power* was st> small^ that one hnmlrcd pa/ts 
lost only two by drv'ing at 400'^ Fahrenheit, 

Plants and trees^ the roots of whieh afe 
fibrous and hard^ and capabk of paiot rating 
deep into the earthy will vegetate to advantage 
in almost all common soils^ which are mode- 
rately dry, and which do not cohtahi very 
great excess of vegetable matter. 

I found the soil taken from a field at Sheffield 
Place, in Sussex, remarkable for producing 
flourishing oaks, to consist of six' parts of 
sand, and one part oflday aiid finely divided 
matter; and one humdred iparts of 'the entire 
soi ij subni i tt ed to analysis^ ’ pfodheed , r 

h : r* ‘ * 
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riljviotiSj tliAtj in the present sUtc of seience> go 
certain system can be devised for their improve- 
ment, independent of experiment ; bdt there are 
fetv cases in which the labour of analytical trtala 
wiil nol be amply repaid by the certainty with 
which they denote the best methods of amelio- 
ration ; and this will particularly happen when 
the defect of coniposition is found in the propor- 
tions of the primitive earths. 

In supplying animal or vegetable manure a 
temporary fond only is provided for plants, 
which is in all cases exhausted by means of a 
certain number of crops : but when a soil is 
rendered of the best possible constitution and 
texture, with regard to its earthy parts, its fer- 
tility ;nay be considered as pcrnianently esta- 
blished. It becomes capable of attractiTig a 
very large portion of vegetable nonrishment 
from the atmosphere, and of prodvicing its crops 
with comparatively little labour and expen cc* 

T)€:yCriptmfi the Appavatm Jbr ike Anuhjsis 
of Soils, — Fig. i , Plate I, c, ?/, c^f The 
different parts oftlie apparatus required for inca- 
soring the quantity of elastic fluid given out 
1 during the action of an acid on caicarcous soils : 
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represents the bottle for containing the soil i 
the bottle containing the acidj furnished with 
a stop-cock ; c, the tube connected with a flac- 
cid bladder | f the graduated measure ; the 
bottle for containing the bladder d. When this 
instrument is usedj, a given quantity of soil is 
introduced into Z? is filled with muriatic acidj 
diluted with an equal quantity of water ; and 
the stop- cock being closed, is connected with 
the upper orifice of which is ground to receive 
it. The tube c is introduced into the lower ori- 
fice of a, and the bladder connected with it 
placed in its flaccid slate in e, f which is filled 
with water. The graduated measure is placed 
ttnder the spout oi f e. When the stop -cock 
of h is turuedj the acid flows into and acts 
upon the soil ; the clastic fluid generated passes 
through c into the bladder^ and displaces a 
quantity of water in o f equal to it in bulk, and 
this water flows through the tube or spout into 
the graduated measure j the water in which 
gives, by its volume, the indication of the pro- 
portion of carbonic acid disengaged from the 
soil ; for every ounce measure of which, two 
grains of carbonate of lime may be estimated. 
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PART IV. 

CLASS 3 . 


MINERAL OR NATIVE SALTS- 


By tlte name of mineral or native salu, wt 
untlcrstand^ strictly speakings all those native 
niinera! substances which are founds consisting 
of an earthy^ metalHc^ or alcaline base^ combined 
with an acid. They naturally divide themselves 
into several genera^ namely 5 calcareous salts, 
comprehending the combination of calcareous 
earth, with different acids ; such as carbonates, 
sulphates, phosphates, fluates, and borates of 
lime : Barytic salts, comprehending the combi- 
nations of barytic earth, with sulphuric and 
carbonic acids 5 slrontlan salts, or strontian earth, 
united to the same acids, &c. Most of these 
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have been considered under the class of eartli?^# 
iind Slones. We have therefore to conskler here 
merely those which are readily soluble in water, 
and which are usually called nnneral salts ; for 
they possess the properties of saline bodies, in 
a more striking degree. Tliey are divided in 
the Chemical Systems of Mineraltigy, in the fol* 
lowing manner : 


Division oj^ Mineral or Native Salts. 
G^nus 1* — Muriates. 

Species l,— Muriate of Soda, or Common. 
Salt. 

Varieties 1. — Foliated Common Salt. 

2. — Fibrous Common Salt, 

3. —Lake Salt 

4. — Rock or Stone Salt, 

Gei^us h . — Muriateu 
Species i.— Muriate of Ammonia^ or Native 
Sal Ammoniac. 

Gknus ui.~^Nitrates. 

Species L — Nitrate of Soda, or Native Salt- 
petre. 
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Genus iv. — Sulphates*^ 

Species 1. — Sulphate of Soda^ or Native 
Glauber Salt. 

2. — Sulphate of Magnesia, or Native 

Epsom Salt. 

3. — Sulphate of Magnesia and. Iron, 

or Hair Salt. 

4. — Sulphate of Alumine and Soda, 

or Native Alum 

5. — Sulphate of Iron, or Native Vl-* 

trioL 

6. — Sulphate of Copper. 

7. — Sulphate of Zinc, 

8. — Sulphate of Cobalt* 

Genus v, — Borates^ 

Species 1 , — Borate of Soda, or Native Borax. 
2, “Borate of Magnesia and Lime, or 
Salsolinc, 

Genus vu^Carhonaies, 

Species L~Carbonate of Soda, or Native 
Natron, 

Genus Vii.— B omcrV Acid* 
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5JQ Analysis of Native or Mineral Salts. 


GENERAL ANALYSIS OF NATIVE OR MINERAL 
SALTS, 

Process L — In order to investigate whether 
an unknown mineral contains some saline niat* 
tefj put a determinate quantity, reduced to an 
impalpable powder^ into a flask, pour over it 
^0 times its weight of water, digest the mixture 
in a temperature of about 130% and agitate it 
frequently. Having stood for about d hours, 
decant the transparent fluid, separate the inso^ 
kible part, by pouring it on a filter, whose 
weight is known ; dry it in a heat not exceed- 
ing 2! 2", and ascertain its weight. If the 
weight be considerably less than the joint weight 
of the filter and powder, before digestion, we 
are certain that some salt has been taken up by 
the water ; the deficiency of weight will indicate 
iis quantity. Being thus convinced, that the 
substance under examination belongs to the 
class of minerals, properly called salts, we have 
next to find out the nature of it, more accu- 
rately, in the following mariner : 

li. — Drop into a wine-glass full of the solu- 
tion, obtained by digesting the mineral in water, 
as directed hefore, a few drops of tincture of 
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litmasj or immerse lixto it a piece of litmus 
paper^ and notice if the blue colour of the 
tiuclurcj or of the paper^ becomes alteredj or 
not* 

If the paper becomes red^ the fluid contains 
an uncoinbincd acid^ or a salt with excess of 
acid. Ill order tu ascertain the nature of the 
acid which is present* drop into the solution 
muriate of barytes; if an insoluble precipitate 
ensiiesj sulphuric acid is present ; but if the 
precipitate is soluble in muriatic acid* phospho- 
ric acid may be expected. If nitrate of silver 
occasions a precipitate* muriatic salts* or muria- 
tic acid was present. 

IIL— If water that has been suffered to act on 
a saline substance* changes the yellow colour of 
t linn eric paper brown* it contains an aicaline 
substance* and the salt belongs to the class of 
aicaline salts* 

IV, — -If a iubstance is found not to change 
the colour of the turmeric brown*, or that of 
litmus red* and if it does not effervesce on the 
addition of an alcali, the salt is then distin-* 
gulshed to be a neutral* or compound salt, 
composed of an acid, and a certain basci wc 
have then to determine the nature of the base* 
that is to say* to liiid out whether the salt has 
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a metallic, caithy, or an alcali for its basis* 
This may be accomplislied in the following 
manner t 

ANALYSIS or SALTS WITH METALLIC BASES* 

Process L — Drop into the solution, obtained 
as described before, a few drops of prussiate 
of potash ; if a copious blue precipitate ensues, 
it then contains a metallic oxid, and belongs to 
the salts called metallic salts. 

IL— To ascertain the genus to which it be- 
longs, by determining the acid whereby its basis 
is neutralized, add to a little of the saturatetl 
saline solution, an equal portion of alcohol ; if 
this occasions tlic salt to precipitatci and if a few 
drops of muriate of barytes, added to a tittle of 
the dissolved salt, occasion a copious precipi- 
tate, we know that the acid present is sulphuric 
acid, and that tlic salt belongs to the genus cal- 
led snlpkates, 

III. — ^To determine the metallic oxid, with 
which the acid was combined, we add to it 
first a solution of carbonate of ammonia; if 
this occasion a blue precipitate, which is rc- 
dissolved by an excess of ammonia, add an 
acid, a little in excess; we then immerse into 
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it a cyllndiT of iron, and suffer it to stand un- 
distiirlK*d for some days. If the iron cylinder 
hcconies covered w ith a coat of copper, we then 
have found that the salt had copper for its basis, 
and therefore belonged to that species which is 
called sulphate of copper. 

IV. — Jiut if these phenomena are not per- 
ceived, wc let fall into the solution a few drops 
of prubsmte of potash. If this produces a blue 
precipitate, the basis is then supposed to be iron, 
and in this case it must also occasion a black 
colour when mixed with tincture of gjdls. If 
such phenomena take place, the salt belongs to 
that species allied sulphate of iron, 

V. — If neither of these phenomena ensue, and 
the fluid exhibits a rose colour, we add a few 
drops of tincture of galls ; if this occasions a blue 
precipitate, and a precipitate is also produced by 
the addition of potash, which, when fused w ith 
borax before the blow-pipe, produces a blue 
glass, we then have ascertained the basis of the 
salt to be cobalt, and this w ith sulphuric acid 
before detected, makes it to be that species called 
sulphate of cobalt. 

VI. — If neither of these marks sliould be per- 
ceived, wc place a polisheil cylinder of cop- 
per into the concentrated solution^ and if this 
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occasions a ivliitc metallic precipitate upon tlic^ 
siirliice of tUe copper cylbtlcrj wliich can be 
volatilized again by cxA>osiiig the cylinder to 
Ijeat^ \Te then know the basis to be mercury j 
Iiuving ascertained the A3rincip[d component part 
of the salt, wliich is distinguished by the name 
of sulphate of merain/, 

VI f. — Blit if the fluid should not prove any 
of these meiitioiied i^roperties of mixture, and if 
it yields a wliitc salt on evaporation, if prussiate 
of potash added to it, pii>duc(^ a greenish white 
precipitate, and if a cylinder of iron, and cop- 
per, when placed in the solution, occasions no 
precipitate, w'c then suppose the substance to be 
the species called sulphate ^ zinc. These are 
the principal metallic salts hitherto found in the 
earth. 

ANAI-TSIS OP SALTS WITH ALCALINE BASES* 

Process I. — If in a solution of salt prus- 
siate of potash does not occasion a blue precipi- 
tate, the sidf is of a diflerent nature from tlmse 
mentioned before. We have then lo And out 
its composition, by adding to it a solution of sub- 
carbonate of po^asb^ or soila, If this occasions 
no precipitate, the salt then probably belongs lo 
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the neutral smUs, 'R'UI i nlcatuic baj^cs. It may, 
however, happen, tliat salts of that hind exist in 
the solution, associated ^^ith salts of a metallic 
or earthy base* In this case the examinalion 
liccomes difficult; because the alcali added, 
wliich acts as the re-agent to precipitate the 
two last, makes it doubtful to ascertain whetlicr 
the neutral salts were formed during the process, 
or whether tliey originally cxistcil in the solu* 
tion- The following method, recommended l)y 
Mr* Henry, will in that case prove usefuL 
I L — Preci p i tate 1 1 ic met a 1 1 i c o x i d , by ad d i ng 
to the solution prussiatc of ammonia, and sepa- 
rate t!ie earth, by adding to it a solution of car- 
bonate of ammonia, taking care to have pre^ 
TioLisly heafecl the fluid to at least 180^, or 
upwards, in order to insure the decomposition 
of magnf^ian salts, which cannot lx? effected by 
carbon a ie o f a m moh i a in 1 1 1 e cold . Separati? i1 1 e 
liquor by flltratiofi, ami evaporate it to tlryncss ; 
then expose tliv dry mass to a dull red heat, in 
order to expel the ar'',moniacal salts* The salts^ 
with fixed alcaline bases, will remain behind* 
By tills process, im it will be impossible to 
ascertain wiretlier air.^ ‘ni^cal salts were origi- 
nally present ; but Ih n ly be learned by ad- 
ding to the salt under er-i^miriatioTi, before its 
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.Solution in' water, some, pofasli, wtiicli, if am- 
incinia be raritaincd in the salt^ will produce its 
peculiar otiour. 

Ill* — In order lo ascertain the acid with 
which the ammonia is comhineil, we ininj^le a 
stjhilion of the salt with lime-wakT. If a pre- 
cipitate ensues, which on adding a fow^ drops 
of muriatic add, again becomes cUssoIvchI with 
effervescence, the salt belonged to the class of 
salts, called carbo?mte of animoma, 

IV. — If on the contrary no sucli effects take 
place, but a copious precipitate ensues on add- 
ing to the solution a few ilrops of muriate of 
barytes, we then conclude tlutt the salts is sul* 
pkaie of ammonia. 

W — But if neitlicr of thesis changes c^nsne, 
We drop into tlie solution a few drops of sul- 
phate of silver; If this proiluees an insoluble 
white precipitate, the salts consist of muriatic 
acid and animouia, ami is consecpiently muriate 
of ammonia. 

VL — But suppose ammoum did not enter 
into the coin position of the salt, autl had not 
been <!etected as stated before, but anotlicr alca- 
line Ixisis was present, wc then add to the solu tioji 
of die salt in water a few drops of muriate of pla- 
tina; if a turbidness ensues, the basis of the salt is 
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potnslfj and the salt of course Wongs to tbc 
class of salts wrtli a basis of vegetable alcati ; 
blit if no such effect bikes place, xve_oonclude 
that the Ixisis of the salt k soda, and that it 
btdongs to the class of saltsj with a basis of the 
mineral alcalL 

Vlil. — If a little of the salt, when mixt with 
cliarcoal powder, and thrown into an ignited 
crucible deflagrah^, we know fliat nitric acid is 
present, and that it belongs to the class of salts 
called nitrates. 

The presence of other acids may be detected 
as sfubnl befoa\ 


ANALYSIS OF SALTS WITH EARTHY EASES, 

Pmcess L~If a solution of salt, in which 
pnissiate of potash occasions no i>rccip[tatc, 
afr*mls a copious precipitate by (he addition of 
carl>onate of potash, it proves that the salt has 
an eirrfli for its basis, and consequently belongs 
to the class of earth/ ^sa/is, 

IL — In order to ascertain the acid which h 
combined with the earth, we proceed as directed 
iu tbc preceding pages. 
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518 Analysts tif Salts with Earthy Bases, 

— Wc next endeavour to ascertain tlie 
eartlis : if ’vte find tliat the precipitate is soluble 
in sulphuric acid, and yields vdtli by the ad- 
dition of a small quantity of alcali, a salt winch 
has a sweet styptic taste, and which has the 
properties of alum, we know that the basis of 
the salt was alumine, and that it belongs to the 
class ot salts j called ahm, 

IV* — But if the salt obtained by neutralizing 
the earth with sulphuric acid has a biltcrish 
taste, and becomes decomposed by sub-carboiuitc 
of potash, and yields a precipitate wliicli w'hen 
ignited remains soluble in nitric and acetic 
acids; it then belongs to the class of salts, 
having magnesia for its basis, callcil magnesian 
salts. 

In this manner we may ascertain the different 
salts which have hitherto Ijeerj found amongst 
the mineral substances, Tlierc are others mot 
with in mineral waters, the presence and nature 
of which must be ascertained in a different man- 
ner. The salts here cotisiderctl are only such as 
are found each in a separate state, and which 
appear homogenous. 

Before wc conclude this subject wc shall exhi- 
bit an 
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EXAMPLE OP AN ANALYSIS OF A MIXTURE OP 
different saline SUESTAXCES. 

Suppose we Imd ascerttiined by previous ex pe- 
ri mcnls, in the way mentioned in the foregoing 
partj that an eartli contained a mixture of dil- 
ferent saitsj viz, sulphate of magnesia^ mnrktle 
of potash^ sulphate of hon^ sulphate of potash^ 
and, sulphate of soda ; wc then may proceed in 
the following way : 

B recess 1. — Let a certain quantity of stich 
earthy substance w^bicli has been previously 
dried for two hours in the heat of boiling water, 
be extracted and freed from saline parts, by 
digesting it with about 50 parts of distilled 
water, in a glass matrass ; filter the whole, and 
wasli the remainder upon the filter, with a little 
water, then dry it in tlie same heat, and for the 
same time as before, and ascertain its weigh t* 
The loss, indicates the quantity of saline parts 
which ivere contained in it, 

f r. — Let a certain quantify of (he saline liquid 
bo evaporated to dryness by a gentle heat* 

IH* — ^Digest the residue with high rectified 
spirit of wine, as long as the spirit will dissolve 
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any part of tlic salt. T\m spirit uotis solution 
Jinx with a little water, and again se|Kirate the 
spirit hy distillatkm. 

JV.^ — Evaporate the remaining aqueous solu- 
tion nearly to dryness, and suffer it (o crystallise; 
let the mit be dried in the same degree of heat nn 
^ the eailh had been exposed, and ascertain it?i 

weight, which will indicate the propoilion of 
the salt which was taken up by the spirit, and 
winch was muriate of potash ; this salt may l>c 
again decomposed, by dissolving a little of it in 
water, and adding to it sulphate of silver : this 
will occasion a precipitate which incticafes the 
muriatic acid ; and carbonate of potash added to 
if, wall occasion no earthy precipitate, if the salt 
was merely composed of muriatic acid and pot^- 
ash. 

— The salt which was not acletl upon by 
the spirit, is then to be dissolved with a suflicicRt 
quantity of distilled water, mingled witli a little 
acetous acid, and prussiafe of lime gradimllj 
dr^jpped into it, until it chx^ not oceasiori any 
more blue precipitate. 'I he precipitate thus 
formed, must l>e collecteil on a filter, w'ashed 
with a little water, dried, and made ml hot in 
a small crucible, whose wciglit is previously 
aseertaincrl, and which has been ignited before 
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the precipitate was put in ; after which ^ tlie 
crucible is taken out of the fire and again 
weighed, thus the proportion of the oxid of iron 
h ascertained - 

YL — The remaining liquid from which the 
iron is separated, is gradually to be mixed with 
acetite of barytes as long as any precipitate is 
thereby occasioned : the precipitate consists of 
(he barytes contained in the acetous solution 
whicii was added, and of the sulphuric acid 
contained in the salts; the whole is then put 
upon a filter, the precipitate carefully collected, 
dried, and its weight ascertained. One hundred 
grains of such precipitate, arc equal to 23.5 
grains of sulphuric acid. 

VIL — The remaining solution consists now of 
magnesia pot as soda^ and acetous acid to 
separate them let it be evaporated to dryness, 
and ignite it in a smooth crucible, until the 
acetous acid has bei'ii driven off by the heat; 
the remaining substance is to l>c extracted by 
warm water, as long as the water takes up any 
of it ; the whole must then be transferred upon 
a filter, and the earth, which was the magnesia, 
be collectctl, dried, ignited, and its weight ascer* 
liuncd> 
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Vni. — Ttie salt ^Iiicli the water liatl cx* 
tracteci from the residue, is again saturated with 
acetous acidj and if, after stirring the solutioi^ 
any earthy precipitate is obser\Td, it is to be 
fiUcreti again, and the earth collected upon the 
titter : it is the portion of magnesia which had 
been taken up by the alcali, wlitch is likewise 
to be dried and added to the weight of the mag- 
nesia obtained before, 

JX* — The filtered liqtiid is again evaporated 
by a gentle heat to dryness and afterwards di- 
gested in alcohol. This will take up the potash 
rornbined with muriatic acid, and leave the soda- 
behind ; the alcoholic solution is cviiporateit to 
dryness, and re-dissolved in distilled water; and 
then mixed with acetife of leatl, until all the 
iniiriafie acid is thereby separated; the precipi- 
tated muriate of lead is then separated by filtra- 
tion, and the filteral liquid cvapcjrattxl to dry- 
ness; afterwards ignited a little in a small 
sTHooth cruciblcj whose weight has been pre- 
viously ascertained ; when Uie acetous acid has 
been driven off by heat, the crucible is removed^ 
and when cooled, it is immediately weighed : 
t|ic overplus of the weight of the crucible indi- 
cates the weight of the potash. The muriate of 
5oda, which was not dissolved^ is likewise treatetl 
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in the same way^ and thus the quantity of Ibe 
soda ascertained. 

If we now take each of the four separated 
ingredients^ namely^ llie magnesia^ soda^ potasli, 
and the iron, and saturate each separately with 
sulphuric acid, and then crystallise them; >ve 
become enabled by tliat means to ascertain the 
quantity of each of the salts In the state as they 
^vcrc contained in the eaiiliy substance, pretty 
accurately. 

Tills being a nice process, it requires great 
accuracy; and the rules for accomplishing 
would occupy more room than can be allotted 
Ihcin in this work. 
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PART V. 

ClJsS 4. 

INFLAMMABLE FOSSILS, 


The class of minerals remaining to be noticed^ 
are tliose called inflammable or combustible fos- 
sils. They arc divided in the following man- 
ner: 

Genus i. — Sulphur, 

Species 1. — Native Sulphur. 

Varieties L— Coherent Native Sulplmr. 

S* — Earthy Native Sulphur. 

3.“— Volcanic Native Sulphur. 

Genus it. — Bitumen, 

Species L— Miueml or Fossil OiU 
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Spocies 9, — Miiicral BIfumcn* 

Varieties I- — Ehistic Mbenil Bitameii, 
2*— Earthy Mineral Bitumen* 
j\ — ^higgy Mineral Bitumen- 

Species 3* — Brown Coal- 

Va r iet i es 1 , — B itu m inou s W oo J . 

2, — Earthy (bal* 

3, — Alum Eartli* 

4, — Comniori Brown CaaL 

5, — Moor CoaU 

Species 4, — Black or Pit Coal* 

Varieties 1, — Pitch Coal- 

2* — Coltimnar Coal* 

3 , — Slate Coal* 

4*“Canncl Coal. 
5*“Foltated Coal* 

6, — Coarse Coal* 


Species 1* — Glance Ci>al* 

Varieties E — Conclioidal* 
2. — Slaty* 
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Species 2 — Graplnte* 

Varieties L— Scaly, 

2. '-Compact, 

Species 3, — Mineral Charcoul. 

Genus iw^Amher. 


Species L~Ambcr. 

Varieties L — White* 

2-— Yellow* 

3. — Mcilitcj or honey stone 


CHARACTEKS OF INFLAMMABLE FOSSILS* 

Inflammable fossils are such mineral substances 
as burn more or less easily , or wljose principal 
character is inflaromability at not very hi^i tem- 
peratures, They are all insoluble, at least in 
(heir totallity in alcohol, as well as in water, 
and acids; but yield generally more or less 
to some species of volatile oil, or to sulphu* 
ric ether. Their specific gravity is below or 
scarcely exceed 2°, unless loaded with foreign 
matter. 
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NATURAL HISTORY OF COALS. 

Coals arc commonly found ni luUy situations, 
always under strata of grit, which is a mixture 
of sand and clay j or under schistus, wliicli is an 
indurated clay, splitting into layers, forming 
either slates, or a substance called shivers j ac- 
cording to its fracture. Coals are found on 
the mountaifis in strata, from a few inches to 
some feet in thickness, alternating with strata 
of grit stone and sliistus. The beds of coals 
run in various directions, generally with a dip 
or inclination from the horizonhd position. 
They arc frequently intercepted by columns of 
other matter ; and the continuation of the bed 
may be higher,, or lower, than tlie part from 
which it has been, or seems to have been se- 
parafaL The continuathm ton sometimes take 
the same, so r net imes a very di tie rent degree of 
inclination, or dip. It generidly happens that 
the first stratum of coals, that we come to, is 
not worth working, either from the inferior 
quality of the coal, or from the stratum being of 
too little depth. From the degree and direction 
of the dip, and the level of the country, much 
information is to be obtained, concerning the 
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proper places for opening the pit. A variety of 
circumstances require to be taken into consitlcra- 
tion to work a coal mine to the greatest advan- 
tage, or to determine whether a mine ought to 
be worked at alK Even in countries Or in those 
parts of the conntr)^, where none have been 
found, very probable conjectures may be formed 
concerning their p resen cc, by attending to the 
soil, to the general appearance of the country, 
and to the kind of clay, sand, or other earth, 
that is found when the soil is reinpvcd. There 
are certain appearances that indicate the pre- 
sence of coals 3 but these indications arc subject 
to variations, and often appreciable by other 
rules. The business of mining in this depart- 
ment, is therefore intricate as that of ores, and 
none oiig!)t to enter upon it, without a practicai 
knowledge of it, or the assistance of a practical 
niinerp 

With respect to the origin of coals, the most 
probable supposition is this : 

That they originate from vegetables ; but a 
few forests being buried in the earth are not 
* sufficient to form the mountains of coal which 
exist in its bowels. A greater cause mure pro- 
portioned to the magnitude of the effccl is 
required ; and we find it only in that pmdi- 
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gfoiis quantity of vegetables whit*h grow in the 
sea, and is increased by the immense mass of 
those which are carried down by rivers* These 
vegetables carried away by the currents, are agi~ 
tatcd, heaped together, and broken by the waves, 
and afterwards become Cf>vered with strata of ar* 
glllaceous earth, or sand; they undergo a gra- 
dual decomposition, and form so many strata of 
coal, placed alternately with strata of clay and 
siand^ It is indeed easier to c<uiceive how these 
masses of vegetables may form strata of coaf, 
than that remains of shells, should form so 
great a part of the globe. 

That the coal itself is of vegetable origin, is 
fairly inferred from a variety of vegetables, re- 
mains, and impressions of animals, that are 
both found in the strata of coal, and in the 
earthy strata, above and below them. That it 
is of submarine origin, also appears obvious from 
the presence of shells, the impressions of fsh, 
and other productions of the ocean* The po- 
pular opinion that coals grow like vegetables, 
so that the mines that are ex bans ted may be 
opened again and worked after a series of years, 
is too erroneous to need any formal refutation. 
Wo need not however be alarmed for the want 
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of future generations^ as to this useful article- 
The immense beds of coal yet untouched will 
amply supply many thousands of generations to 
come j and tliere is no doubt but the same 
process that produced what we at present use, is 
still continued, and that some future convulsions 
of nature will bring to light new coal mountains 
perhaps from the bottom of the ocean ; for that 
it is most probable is the place where nature had 
fixed her laboratory, for preparing this fuel for 
d i s taut ages . Fo r i h e m o d ern pract i c e o f s earc h - 
ing for coals the reader is referred to the author’s 
System of Mineralogy, article Coa^. 

AN.ALYSIS or INFLAMMABLE FOSSILS. 

The complete analysis of inflanimable f6ssils 
would require a particular treatise : our object, 
however, is merely to determine in a ready manner 
the relative proportion of combustible matter, or 
carbon, which different species of coal are capa* 
ble of yielding to be enabled to judge in some re- 
spect vi'hlch are most advantageous in the ordinary 
processes of combustion : for the method of ac- 
complishing this we arc indebted to Kirw^an. 
The only combustible substance of what it will 
be necessary^ to speak for that purpose, are coals, 

Coals^ at least those which are chiefly em* 
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ployed for fuel are composed of carbon or char- 
coalj bitmnetij some portion of earthy and a 
small quantity of metallic matter. 

The proportion of carbon may be ascertained 
by observing the quant iiy of nitrate of potash 
which a given quantity of coal is capable of 
decomposing. This may be effected in the 
following manner* Let 500 grains^ or 'more of 
perfectly pure nitrate of potash be fused in a 
crucible^ and when red hot^ let the coal to be 
examined^ coarsely powdered^ be projected on 
the fused nitre, by little at a time, not exceeding 
one or two grains. Immediately when the dc' 
tonatlon produced by the addition of one pro- 
jection of coal has ceased, add a new portion 
till it produces no farther effect. The proportion 
of carbon in the coal is directly proportionate to 
the quantity required for the decomposition of 
the nitrate of potash. Thus Kir\Yan found that 
J 9.709 of carbon arc necessary to decompose 
too of nitrate of potash: it will be easy to 
deduce the quantity of carbon, in a given weight 
of coal, from the quantity of nitrate of potash 
which it is capable of decomposing, Kirwan 
found that 480 grains of nitrate of potash re- 
quired 50 of Kilkenny coal to decompose it by 
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this method. Therefore 10 grains would ha^e 
decomposed OG of nitrate of potash ; precisely 
the quantity of charcoal which would have pro-^ 
duced ihe same effect. Therefore Kilkenny coal 
is composed almost entirely of carbon, Cannel 
coal,' when burnt in this mannerj left a residuum 
of 3.12 in the 100 parts of earthy ashes, 6G*5 
of it were required to decompose 4 SO grains of 
nitrate of potash, but of charaoal would have 
been sufficient: therefore 66,5 grains of CanncI 
coal contain 50 grains of charcoal, and 2*0S of 
earth; the retnaiumg 14.43 grabs lunat be bi- 
tumen. 

In a eimilar manner the composition of any 
' other coal may be ascertained, 

The proportion of earthy, or metallic ingre- 
dients may be ascertained by burning the coal^ 
with free access of air. What remains nnburnt 
must be considered as an impurity, its weight 
may be ascertained, and the nature of the earthy 
and metallic substances analysed, according to 
the rules laid tk)wn La the preceding pages. 


PART VI. 


ANALYSIS 

OF 

MINERAL WATERS, 


The compleat and accurate analysis of mineral 
waters is one of the most difficult subjects of che- 
mical research^ and requires a very extensive ac- 
quaintance with the properties and habitudes of 
a numerous class of substances. Such minute- 
ness;, however^ is scarecely ever required m the 
experiments that are subservient to the ordinar)r 
purposes of life ; a general knowledge of the 
cromposition of bodies being sufficient to assist 
ill directing the most useful applications of 
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them- AVe shall not atl^mpt, therefore, to lay 
down rules for the most accurate analysis, but 
fhall only describe such as are suited to afford 
an insight into the kind, but not to decide the 
'exact proportion of the constituent principles of 
natural waters- 

Before proceeding, however, to the analysis 
of a water, it is proper to inquire into its natural 
history, and to examine attentively its physical 
characters- The temperature of the water must 
be carefully observed, and the quantity inquired 
into, which it yields in a given time. The 
sensible qualities of taste, smell, degree of 
transparency, &c, are also best ascertained at 
the fountain-head. The specific gravity of the 
water must be found according to the rules 
pointed out, page 

EXAMINATION OP MINKRAL WATERS BY 
RE-AGENTS, 

The readiest way of judging of the contents 
of mineral waters are by apy lying tests or re- 
agents. The chief of which are the following ; 

hifunon qf LUmus^ is a test of most uucom- 
bined adds* 

If the infusion redden the unboiled^ but not 






Analysis of Mineral Waters. 535 


the holled water, we may infer, that the acid is 
a. volatile one, and most probably the carbonic 
acid. Sulphuretted hydrogen gas, dissolved in 
w^ater, also reddens litmus, but not after boiling. 

To ascertain whether the change be produced 
by carbonic acid or by sulphuretted hydrogen, 
when experiment show that the reddening cause 
ia volatile, add baiytic water. This, if Garbonic 
acid be present, will occasion a precipitate, 
which will dissolve, with effervescence, on add- 
ing a little rmiriatic acid. Sulphuretted hydro- 
gen may also be contained, along with carbonic 
acid, in the same water; which will be deter- 
mined by the tests hereafter to be described. 
Paper tinged with litmus is also reddened by 
ilie presence of carbonic acid, but regains its 
blue colour on drying. 


hifusion (f Litmus reddened l)y Thosphorie 
Acidj — Tinctiere (f Brazil-wood^ — Tincture of 
Turmeric^ and Paper stained iviih each ff these 
three Substances^ — Tincture of Red Cabhuge.~ 
All these difl'erent tests have one and the same 
object. 

Infusion of litmus, reddened by phoephbric 
acid, or litmus paper reddened by it, has its blu« 
colour restored by akalies and earths, and by 
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carbonated alcalics and carbonated earths. Tur- 
meric paper and tincture are changed to a red- 
dish-brown by alcaliesj whether freed from car- 
bonic acid or not^ by earths^ freed from carbonic 
acid j but nut by caj-bonaicd earths. 

The red infusion of brazil-wood^ and paper 
stained with it^ become blite by alcalies and 
earths, and even by the latter, when dissolved 
by an excess of carbonic acid. In the last- 
menlioncd case, however, the change will either 
cease to appear, or wdll be nincb kss remark- 
able, when the w ater has been boiled. 

Tincture of cabbage, is, by the same causes, 
turned green j as is also paper slamcd with the 
I nice of the violet, or with the scrapings of 
radishes. 

Tincture of Galls , — Tincture of galls is em- 
ployed for discovering iron, with which it pro- 
duces a black tinge. The iron, hmvever, in 
order to be detected by this^ test, must be in the 
state of a red oxid, or, if oxidized in a less 
degree, its effects will not be apparent, unless 
after standing some time in contact with the 
air. By applying this test before and aftcir 
evaporation, or boiling, we may know whether 
the iron be held in solution by carbonic acid, or 
by a fixed mid ; for. 
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K If it produce its effect before the appli- 
cation of heat j and not afterward^ carbonic acid 
h the solvent, 

2, If aftcr^ as well as before^ a fixed and vul- 
garly called mineral acid is the solvent* 

3* Ifj by the boilings a yellowish powder be 
precipitated^ and yet galls continue to strike the 
water blacky the iron, as often happens, is dis- 
solved both by carbonic acid and by a fixed 
acid. 

Sidphuric ^cid.—Sulphuric acid discovers, by 
a slight effervescence, the presence of carbonic 
acid, whether uncombined or united with alca^ 
lies or earths. 

2. If lime be present the addition of sulphu- 
ric acid occasions, after a few days, a white 
precipitate. 

3. Barytes is precipitated instantly, in the form 
of a white powder. 

4. Nitric or muriatic salts. In a dry state, or 
dissolved in very little water, on adding sulphu- 
ric acid, and applying heat, are decomposed; 
and if a stopper, moistened wdth solution of 
ammonia, he held over tlje vessel, white clouds 
will appear. For disimguishing whether nitric 
or mtiriatic acid be the cause of this appearanc^j 
jLiles will be given hereafter. 
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Oxalic Acid and Oxalates . — This acul is a 
most ddicafc test of Hnic^ which it sqiarutes 
from all its combinations, 

1, If a water, which is precipitated by oxalic 
acid 3 become milky on adding a watery solution 
of carbonic acidj or by blowing air through it 
from the lungs, by means of a quill or glass 
tube, we may infer that lime (or barytes, which 
has never yet been found pure in waters) is pre- 
sent in an uncombined state. 

If tlie oxalic acid occasion a precipitate 
before, but not after boiling, tliolimc is dissolved 
by an excess of carbonic acid. 

3, If after boiling, by a fixed acid, A con- 
siderable excess of any of the mineral acids, 
how'ever, prevents the oxalic acid from occa- 
sioning a precipitate, even though lime be pre- 
sent; because some acids decompose the oxalic, 
and others dissolv^ing the oxalafe of lime, prevent 
it from appearing, (Vide Kirwan on Waters, 
page 88.) 

The oxalate of ammonia or of potash are not 
liable to the above objection, and are preferable, 
as re-agents, to the uncombined acid. Yet even 
these oxalates fail to detect lime when supersatu- 
rated with muriatic or nitric acids; and, if such 
au excess be present, it mast be saturated, before 
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adding the tcst^ with ammonia. A ptccipUate 
will then he produced. 

The quantity of lime, contained in the preci- 
pitate, may be known, by fipt igniting it with 
access of air, which converts the oxalate into a 
carbonate ; and by expelling, from this last, the 
carbonic acid, by a strong lieat, m a covered 
crucible. According to Dr. Marcet, 117 grains 
of sulphate of lime give 100 of oxalate of lime, 
dried at 160"^ Fahrenheit. 

Fluate of ammonia is also a most delicate test 
of lime. 

Barytic Water, — I. Barytic Water Is a very 
effectual test for detecting the presence of car- 
bonic acid, with which it forms a precipitate 
Avhich is soluble with effervescence in dilute 
nitric, or better in muriatic acid, 

2. Barytic winter is abo a most sensible test of 
sulphuric add and its combinations, which it 
indicates by a precipihitc not soluble in muriatic 
acid. 

Of the metals, silver, bismuth, and 
mercury, are tests of the presence of hidro-sul- 
phurets, and of sulphurdied hidrogeu gas. If a 
little quicksilver be put ialo a bottle, containing 
water impregnated with either of these sub- 
stances, its surface soon acquires a black film, 
and, on shaking the bottle, a blackish powder 
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separates from it* Silver leaf and Msmiitli are 
sj>ccdlly tarnblied by tbe same cause* 

Sulphate^ Nitrate ^ and Acetate of Silver , — 
These solutions are all, in some measure, appli- 
cable to tlic same purpose. 

They arc jicculiarly adapted to the discovery 
of muriaUc acid and of muriates, Mith vluch 
they form a ^vhitc precipitate. A precipilafion, 
however, may arise from other causes, wluch it 
may be proper to state. The solutions of sil ver 
in acids are precipitatetl by carbonated alcalies 
and earths. The agency of the alciilics and 
earths may l>e prevented, by previously satu- 
rating ilicm AVith a fe^ drops of the same acid 
in ■which the silver is dissolvctL The nitrate and 
acetate of silver are decomposed by flic suipliu- 
ric and sulphureous acids ; but this may Ije 
prevented by adding, previously, a few drops 
of nitrate or acetitc of barytes, and, after allow- 
ing the precipitate to subside, tlic clear liquor 
may be decanteil, and the solution of silver 
added. Should a precipitate now take plac(‘, 
the presence of muriatic acid, or some of its 
combinattons, may be suspected. To obviate 
uncertainly, whether a precipitate be owing to 
sulphuric or muriatic acid, a solution of sul- 
phate of silver may be employed, which, when 
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no unconibined alcali or earth is present^ is 
afteeted only by the latter acid* 

Tlie solutions of silycr are also precipitated 
by sidphti retted hulroi^en, and by hidro-sulphii- 
xi'ts \ but the precipitate is then reddish^ or 
brown, or black; or it may l>c, at firsts white, 
and afterwards Ijecome speedily brown or black > 
It is .soluble, in great part, in diUitc nitrous 
acid, which is not the case if occasioned by 
muriatic or snlphnnc acid. 

Tlfce solutious of silver are precipitated by 
extractive matter; but in this case, also, the 
precipitate has a dark colour, and is soluble in 
nitrous acid, 

ylcelate of lend * — iVoctatc of lead is a test of 
sulphuretti^d Iridrogen and of liidro^sulphujcts 
of alcalies, which occasion a black precipitate | 
and if a paper, on wiiich characters are tracerl 
Avith a solution of acetate of lead, be held over a 
portion of water containing sulplui ret ted hklro- 
geii gas, they are soon renderai visible, espe- 
cially when the Abater is a liltle w armed - 

Murlale^ Nitrate^ and Acetate of Barytes *— 
These soUitions are all most delicate tests of snl- 
phiiric acid and of its comliinatlons, w ith \vliich 
they give a white precipitate, insoluble in dilute 


A a a 



342 Analysis of Alincral WateYs^ 

muriatic acid* They are decomposed, however, 
by carbonated alcalies; but the precipitates oc- 
casioneil by carbonates is soluble in dilute mu- 
riatic or nitric acid, witli eftervescence, and may 
even be prevented by adding previously a few 
drops of the same acid as that contained in the 
barytic salt, wliich cmploj^od* 

One hundred grains of dry sulphate of barytes 
contain (according to Klaproth, vob T. p. 168*) 
about 45“ of sulphuric acid of the specific gra- 
vity 1850; according to Clayfield, (Nicholson’s 
Journal, 4to, iii* 38,) 33 of acid, of specific 
gravity 2340 ; according to Tiienard, after cal- 
cination, about 95; and according to Mr* Kir- 
wan, after ignition, 23.5 of real acid. The otuc 
chemist states, that 1 70 grains of ignited sulphate 
of barytes denote 100 of dried suIpIuLtc of soda ; 
while 136*36 of the same substance indicate 100 
of dryvsulphafc of pofusli ; and 100 p^irts result 
from the precipitation of 52-11 of sulphate of 
magnesia* 

From Klaproth’s experiments, it appears that 
1000 grains of snlpliale of barytes indicate 595 
of desiccated sulpliate of soda, or 1416 of the 
crystallised salt* The simie chemist has shown 
that 100 grains of sulpliate of barytes are pro* 
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diiccxl by the preciphafion of 71 grains of suI-' 
phiito of lime. _ , 

Pnasiales Potash and (f Lime, — Of fhcRC 
t^'Oj the pTussiate of iKitash is the most eligible. 
WIjl’II pure, it does not speedily assume a blue 
oolour, on the acid il ion of an acid, nor does it 
immediately precipitate muriate of barytes* 
Prussiatc of jxjttish is a very sensible test of 
iron, Avith the solutions of ^vhich hi acids it 
produces a Prussian blue precipitate, in coiiso 
c^ueiicc of a double elective allinitj* To render 
jts eiiect more certain, lioivcvcr, it may be pro- 
per to add, previously, to any water suspected 
to contain iron, a little muriatic acid, with a 
view to tlie saturation of uncombiued alcalies or 
earths, which, if present, prevent the detection 
of very minute quantities of iron. 

J * If a water, after boiling and filtration, docs 
not afford a blue precipitate, on the addition of 
prussiate of potash, tfie solvent of tlie iron may 
be inferred to be a volatile one, and probably 
the carbonic acid. 

2, Should the precipitation ensue m the boiled 
water, the solvent is . a fixed acid, the nature of 
which must be ascertained by other tests. 

in using the prussiate of potensh for the dis- 
covery of iron, considerable caution is necessary, 
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\i\ orfler to attain accnrate res nits. The pru>- 
tsmlc sltouldj on all occasions^ lx* previously 
rrystallisctl ; anti the quantity of ox id of iron 
esjiejitial to its const it ut ion ^ or at least au in- 
variable acn)n>panimaif j should ho previously 
ascertained in the following m a truer : Kxposc 
a known w'eight of the crystal hst^l salt to n 
Jow ml heat in a silver crucible, A ilcr fusing 
ami boilirig up, it will become dry, and Mill 
then blacken. Let it cool ; wash off flic so* 
Vublo part ; collect the rest on a filter ; dry if, 
and again calcine it with a 1 if fie wax. Let it be 
again weiglietL and the result will shew tlic pro- 
portion of oxid of iron preficnt in the salt which 
?ias ixcn examined. This varies from 92 to SO 
and upwards per cent. When the test is era- 
ployetl for discovering iron, lot ^ kno^vi^ height 
of the salt fxi dissolved iri a g'veh quantify of 
water j add thc' sohiiibn gradiuilly ; nud 6bser^^ 
t^ow tnwch is expended in efJhcfuia the precipr- 
tiojt. Before’ coHeeting the pfe’ciphafc, tcarnt 
1 he 1 iq u i( I , w Inch gene ral 1 y f 1 J rotrs (Totvn a fi it- 
fher portion of Pru^simn blrie'. Let the whole 
lx? washed aiuT dried, and Ihcit ignifril wit1f 
wax. hVoni the %v^iglvt of tiTe oxid obfained, 
detlnct tlrat quantify, wlilch, by the fiirnler 
experiment, is kno^Vir fb be pn^senf iu the pfusr 
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siafe that has been added ; and the remainder 
will denote the. quantity of ox id of iron present 
in the liquor which is under examination; 

Succinate of ..Soda a7id Succinate of. Ammo* 
nia are also tests for iron, 

Jnr applying these agents it is necessary not to 
use more than is sufficient for the purpose ; 
because an excess of them re-dissolves the preci- ' 
pitatcp The best mode of proceeding is to heat 
the solution containing iron^ and to add gra- 
dually the solution of succinate^ until .it ceases to 
produce any effect* A brownish precipitate is 
obtained, consisting of succinate of iron* This, 
W'heii heated with a little in a low red heat, 
gives an oxid of iron containing about 70 per 
cent* of the mefab 

The succinates, however, precipitate aluminc, 
provided there be no considerable excess of acid 
in the aluminous salt. On magnesia they, have 
no action, and hence they may be successfully 
employed in the separation of these two earths* 
phosphate (f Soda . — An easy and valuable 
method of precipitating magnesiu lias been sug- 
gested by Dr* Wollaston* It is founded on 
the property which fully ncutralizcKl carbonate 
of ammonia possesses; first to dissolve the car- 
bonate of magnesia forrped;^ when it b added to 
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the solafioTi of liiagncsian salf* For fhk 
a soiution of cArboiiate of ammonia^ prepared 
with a pdnion' of that salt which has been 
exposed 3 spread on a paper, for a fe\v hours, 
to the air, is to be added to the solution of the 
magnesian salt sufficifently concentrated ; or to 
a water suspected to ( oiitain in^nesia^ after 
being very much reduced by evaporation. No 
precipitate will appear, till a sokuion of phos- 
phate of soda is added, when an abniiddnt one 
will fell down. Let this he dried in a tempera- 
ture not exceeding ]00^ Fahrenheit* One hun- 
dred' grains of it will indicate \ g of magnesia^ or 
about 64 of muriate of magnesia* 

Muriate of Lhjte. — Muriate of lime is prin- 
cipally of use in discovering the presence of 
alcaline carbonates, which, though they very 
rarely occur, have sometimes been found in 
mineral waters. Of all the three alcaline ear- 
bonales, imariate of lime is a sufficient rc-agent ; 
for those salts separate from it a carbonate of 
lime, soluble with effervescence in muriatk acid. 
With respect to the discrimitratidn of the dif- 
ferent alcabes, potash 'may be detected by mu- 
riate of platina, see page ^17* Carbonate of 
ammonia ms^y be discovered by if s’ smell t and 
by its piH^cipit^ing a neutral salt of aluminc,- 
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while: it has no' action apparently oh magnesian 
salts* 

To estimate the profKjrtion of an alcalin?e car- 
bonate present in any wateiv saUirate its base 
with sulplnirlc aeicl^ and note the weight of real 
acid which is required* Now 100 grains of real 
sulphtirie acid saturate 121-48 potash^ and 
soda* 

Jlnahjm of Waters hij Evetporaimn.—'^'ht 
reader, wht) nmy wish for rules for the cotiiplcle 
and accurate analysis of mineral waters^ w-il] find 
in ahuost every chemical Work a chapter allot- 
ted to tliis subject. He may consult Kirwan^s 
Kssay on the Analysis of Mineral WaterSy Lon- 
don, 1 799* As this imiiual j howeverj may some- 
limes be employed as a travel! ing companion, 
and may aticiid the niineralogi^ where other 
works caniKJt be had, it may be proper to state, 
briefiy, the mode of analysing Waters hy the 
more cert a in, but still not unobjectionable^ 
mode of evaporation. 

Before evaporation, however, the gaseous pro- 
ducts of the water must be collected^ w^hieh may 
be done by filling with it a large glass bottle, or 
retort, capable of bolding about 50 cubic inches, 
and furnished with a ground stopper and bent 
tube** The bottie is to ydaeed up to its neck. 
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in a kettle filled with brine^ which must be kept 
boiling for an hour or two, renewing^ by fresh 
portions of hot water, what is lost by e^^apora- 
tion* The disengaged gas is conveyed, by a 
bent tube, into a graduated jar, filled with, and 
inverted in, mercury, where its bulk is to be 
determined. On the first impression of the 
heat, however, the water will be expanded, and 
portions will continue to escape into the graduated 
jar till the water has obtained its maximum of 
temperature. This must be suffered to escape, 
and its quantity to be deducted from that of the 
water submitted lo experiment. 

In detennining, with precision the quantity of 
gas, it is neccessary to attaid to the state of 
the barometer and thermometer. 

The gases most commonly found in mineral 
waters, are carhonic acid ; sulphuretted Mdm- 
gen I nitrogen; oxigengasi and, in the neighs- 
bourhood of volcanoes only, sulphureous acid 
gas. 

To determine the proportion of the gases, 
constituting any mixture obtained from a mine- 
ral water in the foregoing manner, the following 
experiments may be made. If the use of re- 
agents has not detected the presence of sulphu- 
retted hidrogen, and there is reason to believe, 
from the same evidence, that carbonic acid 


Jftali/m of Muieral Jf^aters, 5-^p 

forms a part of the mixture, let a gradaa".cd 
lube be nearly filled with tt over quicksilver; 
pass up a small portion of soliuion of potash, 
and agitate this in contact with the gas ; the 
amount of the dimintUion will show how much 
carbonic acid has been absorbed; and, if the 
quaiiiiiy submitted to experiment was an aliquot 
part of the whole gas obtained^ it is easy to infer 
the total quantity present in the water. The 
unabsorbable residuum consists, most probably, 
of oxigen and azotic gases; and the proportion 
of these two is best learned by the use of 
Dr. Bope*s eudiometer . 

If sulphuretted hidrogen be present, along 
with carbonic acid, the separation of these two 
is a problem of some difficulty, Mr. Kirwan= 
recommends that a graduated glass vessel, com- 
pletely filled w'ith the niixture, be removed into 
a- vessel containing nitrous acid. This instantly 
condenses the sulphuretted liidrogcn, but not 
the carbonic aeid gas. I appiehcudj however, 
that a more eligible mode will be found to be,' 
the condensation of the sulj^hincttcd hidroeeiv 
by oxi^munati'C acid gas (obtained from muriatic^ 
and hyper oxi-muriate of potash), adding the 
latter gas very cautiously, as long as it produces' 
-;my condensatiun. Or, perhaps, a better plan 
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of effect ing the sepavaLion is, the following^ 
recommended by Mr- Henry i half fill a gradu- 
ated vial with the mixed earbaiiic acid and sul- 
phuretted hkirogen gascsj and expel the rest of 
the water by oxi -muriatic acid gas. Let t!ie 
mouth of the bottle be then closed with a well 
ground stopper^ and let the mixture be kept 
twenty- four hours. Then withdraw the stopper 
under water, a quantity of which fluid will im- 
mediately rush ill. Allow the bottle to stand 
half an hour without agitation- The redundant 
oxi-inimatic acid gas wiU thus be absorbed | 
and very little of the carbonic acid will disap- 
pear, Supposing that, to lo cubic inches of 
the mixed gases, 10 inches of oxi-muriatic gds 
have been added, and that, after absorption, by 
standing over water, 5 inches remain, the result 
of this experiment shews, that the mixture con- 
sisted of equal parts of sulphuretted hidrogen 
and carbonic acid gases. 

Whenever this complicated admixture of gases 
occurs, as in the H arrowgate and in some of the 
Cheltenham waters ; it is advisable to operate se- 
parately on two portions of gas, with the view 
to determine, by the one, the quantity of car- 
bonic acid and sulphuretted hydrogen ; and that 
of azote and oxigen by the other- In the latter 



Analysts oj Mineral IVaiers, 551 

instance^ remove both the absorbable gases by 
caustic potash j and examine the remamdcr in 
the manner already direcled. 

Nitrogen gas scjmetiincs occurs in mineral 
waters, ^ almost in an un mixed state^ When 
this happens, the gas will be known by the 
characters already described as belonging to it* 
Sulphureous acid gas may be detected by its 
peculiar smell of burning sulphur, and by its 
discharging the colour of an infusion of roses^ 
which has been reddened by the smallest quan- 
tity of any acid adequate to the effect, 

(a) The water should next be evaporated to 
dryness. The dry mass, when collected and 
accurately weighed, is to be put in a bottle, and 
highly rectified akohql poured on it, to the 
depth of an inch. After Jiaving stood a few 
hours, and been occasionally shaken, pour the 
whole on a filter, wash it with a little more 
alcohol, and dry and weigh the remainder. 

{h) To the iindissolved residue, add nine 
times Its weight of cold distilled water; shake 
ihc mixture frequently ; and, after some liinej 
filter; ascertaining the loss of weight* 

(c) Boil the residuum, for a quarter of an, 
hour, in sometimes more than 500 times its 
weight of water, and afterwards filter. 
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[d) The residue, %vhich niiist be dried and 
weighed, b no longer soluble in water or alco- 
hol* If it has a brown colour, denoting the 
presence of Iron, let it be moistened with water, 
and exj>osed to the siinb rays for some weeks. 

ip — ^The solution in alcohol (a) may contain 
one or all of the following salts : niiiriates of 
lime, magnesia, or barytes, or nitrates of the 
same earths. Sometimes, also, the alcohcd may 
take up sulphate of iron, in which the metal is 
highly oxidized, as will appear by its reddish- 
brown colour* 

1, In order to discover the quality and quan- 
tity of the ingredients, evaporate to dryness ; 
weigh the residuitm ; add above half its weight 
of strong sulphuric acid ; and apply a moderate 
heat- The muriatic or nitric acid will be ex- 
pelled, and will he known hv the colour of their 
fumes; the former being white, and tlie latter 
orange coloured. 

2* To ascertain whether lime or magnesia he 
the basis of tlie salts, let the heat be continued till 
no more fumes arise, and let it then be raised to 
expel the excess of sulphuric acid- To the dry 
mass, add twice its vveight of distilled water. 
This will lake up the sulphate of magnesia, and 
leave the sulphate of lime* The two sulphates 
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may be separately decomposed, by boiling with 
three or four times their weight of carbonate of 
potash. The carbonates of lime and magnesia, 
thus obtained j may be separately dissolved in 
muriatic acid, and evaporated. The weight of 
the dry salts will inform us how much of each 
the alcohol had taken up. Lime and magnesia 
may also be separated by the use of phoshate of 
soda, as stated in page 545 , 

IL — The watery solution (/') may contain a 
variety of salts, the accurate separation of which 
from each other is a problem of considerable 
difficulty. 

1. The analysis of this sohition maybe at- 
tempted by crystailisation. For this purpose let 
one half be evaporated by a very gentle heat, not 
exceeding 80"^ or 90'^. Should any crystals ap- 
pear on the surface of the solution, while hot, 
in the form of a pellicle, let them be separated 
and dried on bibulous paper, ^hese are muriate 
of soda, or common salt. The remaining solu- 
tion, on cooling very gradually, will perhaps, 
afford crystals distinguishable by their form and 
other qualities. When various salts however 
are contained in the same solution, it is ex- 
tremely difficult to obtain them sufficiently dis- 
tinct to ascertain their kind- 
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e. The nature of the saline contents mu?t 
therefore be cxaminefl by tests^ or rc-ageiUs. 

"I'hc presence of an unconibined aleali^ as well 
as uncombined acids, will be discovered by the 
stained papers, and tests already pointed out. 
The vegetable alcali or potash, in ay be dis^ 
tinguished from the Ttiincral, or soda, by mu- 
riate of platina, see page 517* 

If neutral salts be present in the solution, we 
have to ascertain both the nature of the acid and 
that of the base. This may be done by attention 
to the rules already given for the application of 
tests, which it is unnecessary to repeat in this 
place, 

III. — The solution by boiling %vater contains 
scarcely any thing besides sulphate of lime* 

IV, — The residuum (d) is to be digested in 
distilled vinegar, %vhich lakes up magnesia and 
lime, but leaves, undissolved, alumine and highly 
oxidized iron. Evaporate the solution to dry- 
ness- If it contain acetate of lime only, a sub- 
stance will be obtained which does not attract 
moisture from the air; if magnesia be present, 
the mass will deliquesce. To separate the lime 
from the magnesia, proceed as in I , 

The residue insoluble in acetous acid, may 
contain alumine, iron, and silex. The tw'O first 
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THiiy be dissolved by muriatic acid, from which 
the iron may be precipitated first by prussiate of 
potash,, and the alumiiie afterward by a fixed 
alcali. 

For a more circumstantial detail the reader is 
referred to Kirwan's excellent Essay on the Ana- 
lysis of Mineral Waters; and for illustrative 
examples of several practical analyses to the 
Author’s Analysis of the Mineral Watsrs of 
Chcltciiliam, ajtd Us neighbourhood. 


THE END, 
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THE PLATES 


PLATE L 

Fu-!. L re pro sent if a fiyikostaUc balaucr, of whkh a 
4lo?fLTijftic>u has boeti given already, pages 1§, "^0, 21 . 

I'ig. 2^ represents a pcrspooli’^o view of a jvorlable 
Hulversal furnace. It Is made of hr, a me red sheet iron, 
aud lined wltli fire bricks 3 indies thick. The height of 
ibe body of the furnace is IS indies, its inner diameter 
ijieasiires H inches. Ju the front of the iurnace arc 3 
Oiienings, a t/ a, perpendicularly over each others fur- 
nished witli doers* In citJier of the two upper opeiiinga^ 
a niuflle may l>e placed, for [loifo lining ttic operations 
of assayings or for roastlug and desulphurating ores, to 
prepare them for the subsequent operations of reductiou 
or smelting*. The lower door closes the ash-pit, and 
serves to regulate the licat at pleasure, by opening or 
‘ihutliug it more or less, accordingly., 14 is the cover of 
the furnace* U consists of a thick iron plate, lined w ith 
fire day. In the center of this cover is a hole through 
which the operation carried on in the furnace, or the 
state of the lire may be inspected without scorching the 

s whidi fits 


face* C is a .stop per 
the hole in the cover JL 


of crudble ware, 

D* is the elhoAv of the chiin- 


ivey, which may be dcngateil l>y an additional tube, and 
‘ ito the fin 


then directed into 


a very intense heat he required, the tube or chimney of 
t least 5 or G ft. high, tf Ihc fire 


the furnace should be at 
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be well attended to, the inteefity of the heat will be suffi- 
cient for ibe reduction of the ores of iron, copper, 
nickel, cobalt, or any other processes which require the 
most violent heat* A j^reat variety of operations iu the 
small way may he carried on in this useful furnace, 
wiiich being heavy and substantia!, is very durable and 
not liable to he damaged by accidental blows, or easily 
displaced* It is besides extremely convenient, and per* 
fcclly safe in a room. The thickness of the walls of the 
diiinney prevent llie operator from being at all inoleEtcd 
by the intensity of the heat* Coke and charcoal are 
the best fuel for this furnace, but common coal answers 
also very well* 

Tig* 3, is an improved lamp-furnace* It consists of a 
brass rod screwed into a solid foot of the same metal* 
On this rod slides a circular lamp, a r/, constructed on 
Argaod's plan, which maVf by means of a spring, be 
elevated or depressed at pfeasure i h b are circular rings 
for supporting flasks, basons, retorts, &;c* They may be 
set nearer to, or farther from the flame of the lamp by 
means of the socket and thumb screws, F b* 

Fig* 4 reprc*setits Davy's apparatus for the analysis of 
soib**“See page 505* 

Fig* 5, a blow -pipe spoon, which should be made of 
platina. — See page 36* 

Fig* 6, an apparatus for easily asccrlaining the qvian* 
tity of carbonic add disengaged from any substance by 
the action of an acid : it consists of a bottle closed by ii 
cork or stopper, into which is tixed a spiral lube lerini- 
natlng into a capillary opening* To use this apparattjs, 
aseerfain first what quantity of muriatic or nitric add is 
required to saturate a given quantity of tlm subslance, 
uitended to be submitted to Ihe experiment* Having 
done this, put Ibe quantity of add cjr rather more into 
the buttle, and weigh the whole accurately; then add 
to it the substance, the quantity of carbonic acid gas of 
which is to be aseertained, cork the bottle as expedi- 
tiously as poiiSible, and sufler the carbonic acid to 
escape. 'When the effervescence lias conipletcly ceased, 
let the whole apparatus be again weighed, and Ihe loss 
of weight will indicate th^ quantity of carbonic acid 
contained in the aubflRucCj witli tolerable acccuracy 



UB3CJ1IPT10N OJ? THE PLATES. 


d59 


The spiral tube prevents the carbonic acid from carry- 
ing oil moisture* 

big* 7, n chemical thermometer so constructed that 
the lower part of the scale board may be ttirned up by 
means of a hinge, w'hlch renders the Instrument very 
useful for taking the temperature of .small quaiititic.'if of 
fluids, or of mixtures in which acids form a part* The 
ciicmical theimometer should be graduated from 40^ 
below 0 up to 600® Fahrenheit* The tigurcs expressing the 
value of the graduations are omitted in the drawing* 

Fig, S, a boUie for readily ascertaining specific gravi- 
ties of lluld* It consists of a vial with a slender ueck, 
and ground stopper, having a mark made with a dia- 
mond in the neck of it* Wiien this boltie is filled up to 
the mark with distilled water of a given temperature 
it should hold exactly 1000, SOOO, or any even number 
of grains. The quantity wliicb it is found to contain of 
any other fluid at the same temperature denotes the 
specific gravity of the latter fluid, For example, if it 
holds 1000 grains of water, and 1S50 of sulphuric aefd, 
the specific gravity of the sulphunc acid is to that of 
fiater as 1850 to 1000, 


PLATE U. 

Fig. ! . a portable forge* An instrument of great 
iitiiiiy, chiefly for the reduction of ores in the drjt/ 
for by means of it the most intense heat may quickly 
he produced, and conveniently applied to any substance 
vshatever. //. a blowpipe which may occasionally be 
attached to the double bellows. 

Fig, 2, ail ajiparatns for drying Ibe products of ana- 
lysis. The substance to be dried must be placed in the 
ccnfical glass vessel and when the vessel c is filled with 
water up to tlie side tube rl^ ll\e desiccation may be per- 
formed by putting tbe apparatus over a lamp, and keep- 
ing the water in a stale of ebiiilition* It is particularly 
useful in drying the precipitates obtained in analyses ^ for 
it is well known that the same mineral, analysed by dif- 
lereuL chemists, has been found to yield different propor- 
tions of the same ingredients^ and that the diflerciu 
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weights of the constituent parts, in many cases, arc often 
more apparent tlian real ; arising entin'ly from the va- 
ri<ms degrees of desiccation that has been ensployed by 
different analysis, and sometimes e\'cn by the same per- 
son. This point is of such Importance, and is productive 
of so nmcli trouble, that every chemist who has analysed 
a mineral water, or crystailised, or separated small quan- 
tities of deliquescent salts, will at once perceive the 
utitily oi the apparatus in this respect. 

fig. S, and 4, Crucible stands, 

fig. 5, an improved blowpipe. It consists of a co- 
nical tube furnished wilb a KiEiall pipe near Ihc base, to 



month of the operator, or by means of a bladder or 
double bellows attached to the instrument. The sub- 
stance to be fused must be placed upon a piece of char- 
coal, or held in a smalt spoon made of platina, or 
wrapped up in a piece of platina foil. The quantity of 
the substance to be examined by means of the blow-pipe 
oiigiit not to exceed the size of a pepper corn. 

Fig. 6, an ingot, spoken of page 38. 
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AS^FAllATUS AND INSTRUMENTS, 

ManuJacturtidmdMAdai th§ Lah&rutot^ qfMmn, Actum 
and Garden f Old Ccmptm*$lrectf 

PYROPNEUMATSC APPARATUS for bManta. 
jiCDUsly fire to combiiiitiI)le subftana^i by the 

mere coinnrei»(ioji of common air* 

PORTABLE UNIVERSAL FURNACES of different 
ftiiei*, made of otron^ iron plate** Im^ fire bricks, 
calculated for all chemical operation* whatever, which 
require the aid of heat* 

Black Lead Table Fumaces^Portable Forge* — Bra** 
Latnp- Furnace*, on an improved plan, with double cy- 
lindrical cotton* and Argaud lamp, of different construc- 
tions* 

J M PROVED G AZOMETBRS, with Glas* BelJs— Bra** 
Slop-cocks, &c* for collecting* incasuring, breathing, 
transferring gases, Ac* 

Gas- Holders — Pneumatic Cisterns — improTcd Mercii* 
rial Troughs, with sliding shelf and tray^ — ►Pneumatic 
Tables* 

GLASS RECEIVERS, mo vm ted with brass stop-cocks, 
for transferring gases into bladders, &c* 

Cl lobular Receivers and Piasks, with stop-cocks, for 
weighing gases* 

POR I ABLE STILLS and REFIGERATORIES of 
Linued Copper, Glass Alembics* Retorts and Re- 
cel vec-», in sorts and sizes, 

GRADUATED DETONATING TUBES for firing 
gvnseji, &c* 

Dellagrated '.yars— tinproved Blow*p^pes of Metal aud 
CJ^asi — i^oTipile-Bl<>w -pipes, and Pialiiia Spoons. 

M 0 R.TA Kt> o f 1 rou , Steel , A ga to , G 1 a ss , W edg w j od 
AVare, A^c. 

CllUCG5Ll!S uf riatina, Gold, Silver, Cast Iron, 
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AJuffles, Ciipclj^, and Ena Pans — Improved 
and Casliiig^ Coucis, Evaporathig Bajicms — (hiitoii's TiibL!i 
of Safety — Sjphons— Jointed t-ondneting Tijbesi-^Gra- 
dudieti tijas?* Measures siint Cubic Intlies — Accurate Bn* 
Uticcs and Wei^blji in l)ecimal« — Tbermamclei s^ — Co- 
Ai oui ete rs- — tJ r a v J met e r s — G a h a n i c Ha tterlefr — A p p a r a* 
lus for decomposing- Water by’Galvanism, or Eleclri* 
rily; and every other lustrnmeAt made use ofm Ex pe- 
ri mental Cheraiilry. 

POHTABLK LABOUATOKIES couEaruing a select 
colieclioti of chemical insl rum cuts and preparnlioM. 

MIN ERA LOGICAL LAliOll ATORIK?, iucluditi^He- 
Agents ami Instrununits for the Analysis of Minerals — 
Pocket Miucralogieal Laboralories for readily ascer* 
taining the nature of unknown miiicralsp 

MIN ERA LOGICAL CABINEI’S coutainljig a icb ct 
collection of Metallic Ores, Earths, Natlyc tails, apd 
InBaminable Fonflils, ly sterna tically arranged* 
CHEMICAL CABIN ETScontainiDg the Metals, Earths, 
A 1c a lies. Acids, and other chemical preparations illustra- 
tive of the modem System of Chemistry, 


Mr. ArcoCs Set^tes &f Public Lecturer cm Experimen- 
tal Chemistry and Mineralogy are delivered annually 
during the Autumnal and Winter Seasons, 

The Private Dennmslrations on tt.e same Branches of 
Knowledge are given during the whole year. 


!pfin»r^ Itrydjci Sir<rGi^ (i^GETt (j'VttGB.. 


















